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face you 


weight and space Eastern hydraulic power units 
are made of miniature high-speed gear pumps, close- 
coupled directly to performance-tested electric motors. 
Even when components are added such as reservoir, 
sexpansion-relief valve, expansion bellows, adjustable 
*pressure-regulating valve, check valves — total weight 
is under 5 pounds, size only 7%” x 24” x 74” (Eastern 
unit illustrated used as example). 


high temperatures Most Eastern units normally 
operate at temperature range of —67°F. to +220°F. 
Higher temperature limits are no problem. 


reliability The necessity for high performance and 
reliability in executing commands of the guidance 
system, makes hydraulic systems a vital link in per- 
formance. Eastern systems have gained the reputation 
for outstanding reliability under extreme environ- 
mental conditions when operating at high speeds. 


high-speed power take-off Eastern gear pumps 
with speeds of 24,000 RPM permit direct drive by 
main power source. 


complicated, heavy plumbing Running lines from 
power unit to remote areas can be eliminated by using 
individual self-contained hydraulic power units at 
each point. You gain maximum flexibility, simplicity, 
reliability, while removing more weight in plumbing 
than you add in power packs. 


compromised accessory performance When all 
accessories adapt the 3000 PSI main system pressure 
by means of power-wasting, heat-producing, pressure- 
reducing valves, performance suffers. Eastern units 
offer individually selected hydraulic fluids and pres- 
sures to give optimum performance to each accessory 
in the system. Eastern units have capacity to 1.5 
GPM at pressures to 3000 PSI. 


Eastern Aviation Bulletin 350 provides a wealth of performance 
data. Request your personal copy today. 


100 SKIFF ST. 


INDUSTRIES, INC. 


@ HAMDEN 14, CONN. 
West Coast Branch Office: 1608 Centinela Ave., Inglewood 3, Calif. 
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fluid contamination System cleanliness is i 
by a sealed system and continuous filtering of 
discharge. 

runaway costs Eastern uses standard mass- 
components, arranges them to match your space, 
give you a custom design with minimum devel 
| 
divided responsibility Eastern welcomes the 


ROBLEM portunity to develop components or complete 


Mode! E/HS 105, Type 200 
is typical of Eastern space- 
saving design. It supplies 
hydraulic power fo four ac- 
fuators in a servo mecha- 
nism driving missile radar 
entenna. 


cubsystems ror 


subsystems in hydraulic power, electronic cooling 
refrigeration, and pressurization. Design and 
facturing responsibility from one experienced 

is your assurance of dependable performance. W: 
phone, wire for complete information. 


HYDRAULIC POWER ¢ ELECTRONIC COOLING e 
REFRIGERATION-TYPE COOLING © PRESSURIZATION-DEHYDRATION 
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on the first of 1 
jet-liners. More jets and prop-jet 
service land on 


In fact, there are more Goodyea 
_ tires, wheels and brakes in 
commercial aviation service t 
other bined. 


Other Famous “‘Firsts’’ by Goodyear Aviation Products 


FIRST low-pressure pneumatic airplane tire—the Airwheel. *NEW FABRIC REINFORCED TIRES AND RETREADS. 


FIRST brake designed specifically for aircraft. Goodyear is now qualified to retread jet airliner tires to new 


tire specifications. 
FIRST fully automatic system of ice detection and ice elimi- 


nation for aircraft. *NEW DURABOND BALANCING assures lasting adhesion 


of balancing compound inside aviation tire, perfect balance 
FIRST tubeless tires specified for commercial airliners. outside 


TENSE successiul self-sealing fuel tank. THE ABILITY TO ANTICIPATE the ever-changing needs of 


America’s airlines has been the main factor in Goodyear’s 50 
—and the best is yet to come! years of aviation achievement. Now—as the industry shifts to jet 
power— Goodyear stands ready to meet the challenge of longer 
ground distances, faster landings, higher loads. We’re anticipating 
these needs now-—developing still more Goodyear “‘firsts’’ for 
tomorrow and far into the future. 


FIRST complete line of nylon cord tires for high-speed aircraft. 


*NEW DYNAMOMETER-capable of speeds to 500 mph—will 
qualify tires for the highest-performance aircraft of the fore- 
seeable future. 


Goodyear Aviation Products maintains the largest field service staff of its kind in the industry. These trained service representatives— 
strategically located throughout the nation— serve commercial airlines and commercial manufacturers wherever and whenever needed. 


AVIATION PRODUCTS BY 


Airwheel—T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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90 Minutes Coast-to-Coast by 1965? 


Engineering studies by Lockheed Aircraft Corporation, which indicate a 
supersonic transport can be certificated by 1965, have been interpreted 
The result is the hitherto unpublished illus- 
tration on our cover which shows the aircraft at approximate cruising 
Lockheed believes such a transport is 
‘imminently feasible’ and discloses facts based on its study in ‘‘The 
Case for the Supersonic Transport,” 
this issue and written by Hall Hibbard, a Senior Vice-President and 
Vice-President—Engineering, of Lockheed Aircraft Corporation, and 
Robert A. Bailey, Chief Engineer of its California Division. 


an article beginning on page 32 of 


Technical Advisers: 


W. R. Sears, Robert R. Dexter, 
S. Paul Johnston 


Managing Editor: Rita J. Turino 


Business Staff: 


Reviews Editor: Irene W. Bogolubsky 


Book Reviews Editor: John J. Glennon 


Advertising Manager: Joseph P. Ryan 


Western Representative: John Ball, Jr. 


Advertising Production Mgr.: 


Editorial Assistant: Helen S. Goldman 


EDITORIAL ADVISORY COMMITTEES 


/ 


‘ formerly Aeronautical Engineering 
Review, is published monthly by the Insti- 
tute of the Aeronautical Sciences, Inc., at 
20th and Northampton Streets, Easton, 
Pa. Headquarters and Editorial Offices: 
2 East 64th Street, New York 21, N.Y. 
(TEmpleton 8-3800). Western Office: 
7660 Beverly Blvd., Los Angeles 36, Calif. 

Subscription rates: United States and 
possessions, 1 year, $5.00; single copies, 
$0.50. Foreign countries including Can- 
ada (American currency rates), 1 year, 
$6.00; single copies, $0.50. 

Second-class mail privileges authorized 
at Easton, Pa. This publication is au- 
thorized to be mailed at the special rates 
of postage prescribed by Section 132.122. 

Notices of change of address should be 
sent to the Institute of the Aeronautical 
Sciences, Inc., 2 East 64th Street, New 
York 21, N.Y., at least 30 days prior to 
actual change of address. 

© Copyright 1959 by the Institute of 
the Aeronautical Sciences, Inc. 

Statements and opinions expressed in 
Aero/Space Engineering are to be under- 
stood as individual expressions and not 
those of the Institute. 


2 Aero/Space Engineering ¢ July 1959 


Space Technology 


Rear Adm. 
Rawson Bennett, USN 


Major Gen. Otis O. 
Benson, Jr., USAF(MC) 


Milton Clauser 


Major Gen. 
Marvin Demler, USAF 


Krafft A. Ehricke 


Brig. Gen. 
H. F. Gregory, USAF 


Major Gen. 
J. B. Medaris, USA 


Capt. Alfred B. Metsger, 
USN 


Courtland Perkins 

E. R. Piore 

H. Guyford Stever 
Hubertus Strughold, M.D. 
Herbert York 


Specialties 
Robert J. Benford, M.D. 
Melvin N. Gough 


Jerome Lederer 


Design, 
Structures, 
& Materials 


A. Francis Arcier 
Wellwood E. Beall 
William B. Bergen 
Fred N. Dickerman 
Robert L. Hall 
Edward H. Heinemann 
Harold D. Hoekstra 
C. L. Johnson 
Alexander Kartveli 
Kendall Perkins 
Richard L. Schleicher 
Edgar Schmued 

Igor I. Sikorsky 
Ernest G. Stout 

Kirby F. Thornton 
Walter Tydon 


Electronics 


K. C. Black 

Bruce G. Eaton, Jr. 
Richard B. Hubbard 
David S. Little 
Frank Mansur 

John Margosian 

P. C. Sandretto 


D. C. Lombardi 


Flight Propulsion 


George W. Brady 
Dimitrius Gerdan 
Leonard S. Hobbs 
R. P. Kroon 

Everard M. Lester 
W. G. Lundquist 
Abe Silverstein 
Philip B. Taylor 

E. S. Thompson 
Raymond W. Young 


Instruments 


Preston R. Bassett 
Victor E. Carbonara 
Charles H. Colvin 
Frank R. Cook 
Richard M. Mock 
Walter H. Skidmore 
R. C. Sylvander 


Air Transport & 
Operations 


Charles Froesch 

J. A. Herlihy 

John C. Leslie 
William Littlewood 
R. W. Rummel 

R. Dixon Speas 


a 
te 
Ges 


of the Aerospace Industry”’ 


ENGINEERING. 


A Forum 


The National Scene 


IAS Council Member Honored 


Editorial 


Hall Hibbard, FIAS and 
Robert A. Bailey, MIAS 


Lockheed Aircraft Corporation 


Harry W. Carlson 

Nati I Aer tics and 

Space Administration 

Frank M. Anthony, AIAS, and 
Harry A. Pearl 


Bell Aircraft Corporation 


Joel J. Carroll and Paul H. Savet 


Arma Division, 
American Bosch Arma Corporation 


George A. Hoffman, MIAS 
The RAND Corporation 


F. Gene Keyt, MIAS 


Minneapolis-Honeywell Regulator C y 


Pp 


Robert K. Wattson, Jr., AIAS, and 


Vernon O. Hoehne, AIAS 
University of Wichita 


17 


19 


30 


32 


38 


as 


48 


53 


58 


19 


24 


VOLUME 18 / NUMBER 7 July 1959 


Featured in this issue 


Letters to the Editor 
All readers are invited to voice their opinions—technical or otherwise. 


John P. Reeder, NASA, Wins 1959 Octave Chanute Award 


Langley flight operations branch chief cited for contribution to aircraft flight research, helicopter 
approach problem. 


Rear Adm. Luis de Florez Retired; Awarded D.F.C. for “Extraordinary 
Achievements” 
"..while participating in innumerable aircraft flights, contributing greatly to the progress of 
naval aviation and aviation in general, during a long and most distinguished naval career." 
An Appreciation—and a Promise 
“To update our working knowledge of member thinking, we have made two surveys: 
the Professional Interest Survey as a guide for meeting program planners and the 
Readership Survey to give our editorial people an indication of what AS/E readers need and want.” 


The Case for the Supersonic Transport 


Speed, between Mach 3.0 and 3.5. Size, smaller than today’s subsonic jets. Realistic target 
date for certification, 1965. 


A Wind-Tunnel Investigation of Some Aspects of the Supersonic Boom 
Tests included search for a means of decreasing intensity of the boom. 


Selection of Materials for Hypersonic Leading-Edge Applications 
Emphasizing applications where flight durations are long and heating intensities great. 


Space Navigation and Exploration by Gravity Difference Detection 


The technique provides a means of slaving a platform to stay tangent to equipotential surfaces, 
and has other advantages. 


Design of Large-Area Astronautical Objects 
The most critical factors are the choice of material and the choice of configuration. 


Electrical Primary Flight-Control Systems 


Two selections are possible; in either case, a design start should be made now. 


Wind-Tunnel Tests of Shrouded Propellers and Their Application 
For VTOL application, the shrouded propeller can be competitive with other propulsion systems. 


Departments 


IAS News, General 57 Proceedings Available 
Necrology 66 Reviews 

News of Members 89 International Abstracts 
Corporate Member News 113 Books 

IAS Section News 117 Personnel Opportunities 


Dateline World 120 Index to Advertisers 
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Sub-scale rocket motor 
meter, fabricated from Ma’ 
alloy by the Tapco Group. E 
to guarantee stre 


VARIATION OF ULTIMATE STRENGTH/WEIGHT 
RATIO WITH TEMPERATURE 
(of comparable ductilities) 


1. MST GAI-4V Titanium Alloy 
ll ae 2. 5% Cr. Tool Stee! 
Key: 3. Aluminum 7075-T6 
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TRW Tapco develops test-proved 


Titanium rocket 


with guaranteed tensile 
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YIELD STRENGTH/DENSITY RATIO. 


APPROXIMATE VARIATION OF YIELD 
STRENGTH/DENSITY RATIO 
WITH TEMPERATURE 


Key: 
1. 13V-11Cr.-3Al (all Beta titanium alloy) 
1 2. MST 6AI-4V Titanium Alloy 
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motor case . 


Ring rolled cylinder and formed dome of Mallory-Sharon 
6AI-4V titanium alloy. 


strength/weight ratio of 960,000 


New, advanced type, solid-fuel propellants 
... plus the need to achieve maximum 
range ... demand an entirely new look at 
tensile strength/weight ratios in missile 
components. For example, designers can no 
longer tolerate rocket cases whose inert mass 
approximates 20% of total unit weight. 
Today’s goal: hold rocket-case weight to 
less than 10% of propellant weight. 


To achieve this goal, tensile strength/weight 
ratios of close to 1,000,000 are required in 
the rocket case. In this range, welded 
heat-treated steels develop severe 
embrittlement and high notch sensitivity 
when subjected to rocket case hoop stresses 
— largely ruling out their use. Titanium 
overcomes these disadvantages, plus 

giving a weight saving of 25% to 38% 

over the best competitive steels! 


Extensive development work and testing 

by the Tapco Group of Thompson Ramo 
Wooldridge has conclusively proved Mallory- 
Sharon 6AI-4V titanium alloy to be the 

most suitable material for this application 
(see charts at left). It provides the necessary 
strength and ductility without embrittlement 
or distortion. It can be readily welded 

and age hardened to give the welded 
strength/weight levels required. In view of 
titanium’s outstanding advantages and 
continuous reductions in cost, any price 
difference becomes insignificant. 


Thompson’s excellent experience with 
MST 6AI-4V titanium alloy enables this 
leading component parts producer to 
guarantee performance and strength ratios 
of its titanium rocket motor cases... in 
sizes up to 60” diameters, 20-ft. lengths. 


Here’s important proof of titanium’s 
growing advantages in missile applications 
...and of Mallory-Sharon’s ability to 
furnish material to meet the most exacting 
quality specifications. For technical 
information or application assistance 

write to: Aircraft & Missile 

Development Dept., Mallory-Sharon 
Metals Corporation, Niles, Ohio. 


Tungsten arc inert gas welding of titanium dome to cylinder 
(final pass). 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION + NILES, OHIO 


producer of Titanium: Zirconium: Special Metals 
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Praises Ad Results 


® I am writing to express my appreciation 
to the Institute and to AERO/SPACE 
ENGINEERING for the employment oppor- 
tunities which resulted from the publica- 
tion of my advertisement in the April and 
May issues. I have received ten re- 
sponses to date, of which three are from 
companies I would not have discovered on 
my own, and are therefore of considerable 
interest to me. 
Possibly there were other letters which 
I did not receive. I was away from my 
home during the last 2 months, and there 
was a mistake made in my forwarding 
address. Some of my mail was sent to the 
wrong post office, and I cannot be sure 
that I received all of it. If, by chance, 
some was returned to you, would you 
please send it again. 
Design Engineer 


Two additional letters were forwarded as 
requested.—Ep. 


Battery Data Explained 


gw In response to the letter of F. R. Cook, 
which was simultaneously sent to AERO/- 
SPACE ENGINEERING and to ourselves and 
which appeared in the June issue, we have 
the following comments. 


(1) As we noted in the second paragraph 
of the section ‘Auxiliary Power Sources” 
of our article, the performance of a few 
selected battery systems was mentioned. 
Specifically, for the silver peroxide zinc 
batteries at the high (10-min.) discharge 
rate, we used, for several reasons, values 
pertinent to the integral, automatically 
activated type of battery. To our knowl- 
edge, the value of about 15 watt hours/- 
lb. quoted appeared reasonably represent- 
‘ative of current performance for this 
kind of battery; this current value was 
acceptable to members of our LMSD staff 
specifically concerned with battery testing 
and performance. Frank R. Cook Co. is, 
as a matter of fact, developing under 
contract to LMSD the aforementioned 
type of battery for one of our very high 
priority weapon systems. 

Had we specified manually activated 
batteries, a value of the order of 35-50 
watt hours/Ib. for the conditions men- 
tioned would have appeared possible. If 
Mr. Cook has currently achieved this 
capacity under the conditions mentioned 
in automatically activated batteries, we 
would certainly desire that proper recog- 
nition, and dissemination, of this achieve- 
ment be given. 

The comment on the activated life 
needs further amplification also—among 
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other parameters, one has to specify the 
storage temperature, fraction of initial 
capacity, etc., when an activated charge 
retention life is quoted. 


(2) In view of the fact that a great many 
parameters have to be specified in detail 
to quote battery performance completely, 
and in view of the fact that our article 
was not a review article of auxiliary 
power sources, let along batteries per se, 
we felt it unnecessary in our article to 
engage in detailed amplification of the 
values used. 

We would, however, have welcomed an 
early opportunity to make certain that 
we and Mr. Cook were considering similar 
batteries under comparable operating 
conditions. 

Similarly, it appeared that our comment 
in the last paragraph of our article regard- 
ing future electrochemical developments 
was adequate for our purpose, especially 
since for our example pure conventional 
battery systems appear destined to be 
inadequate, as may be inferred from 
Tables 1 and 6, even though, as our own 
extensive laboratory investigations are 
showing, this is a rapidly evolving field. 


(3) We are naturally desirous of having 
corrected and up-to-date data on the spe- 
cific batteries we considered; and we be- 
lieve that, if Mr. Cook still feels that our 
values are decidedly inappropriate, any 
corrected values should additionally be 
made known to a wider audience especially 
concerned with batteries, since values com- 
parable to the ones quoted in our article 
are in other current, publicly available 
literature. 

For example, an excellent review article 
on batteries in the July 18, 1958, issue of 
Electronics, Engineering Edition, by D. 
Linden and A. Daniel, of the U.S. Army 
Signal Research and Development Labora- 
tory, Fort Monmouth, N.J., quotes the 
following performance, based on extensive 
investigations, for zinc-silver automatically 
activated batteries—capacity 8-15 watt 
hours/lb. at 80°F., 10 min. rate, 20% 
voltage drop from max. during discharge, 
and 1-7 days activated charge retention 
when stored at 80°F. (to 1/2 initial capac- 
ity }}—and gives a partial list of manufac- 
turers as F. R, Cook Co., Eagle-Picher Co., 


The Editors welcome letters 
from readers, although none can 
be acknowledged. All must be 
signed, but identities will be 
withheld on request. 


Yardney Electric Co., American Machine 

and Foundry Co., and Electric Storage 
Battery Co. 

L. N. Ridenour 

V-P & Gen. Mgr., Lockheed 

Electronics & Avionics Div. 


B. W. Augenstein 
Scientific Adv., XA Weapon System 
Lockheed Missiles & Space Div. 


The Editors regret to announce the death 
of Dr. Ridenour, on May 21, in Washing- 
ton, D.C. 


Isaac Newton Wrong? 


gs A trip through space of approximately 
1,650,000 miles—i.e., one revolution of 
the earth plus 1/365 of a trip around the 
sun, which you and I make each and every 
day of our lives, proves many things to 
me. 

The mere fact that you and I in our 
daily revolution may find ourselves at 
times heads up, heads down, or at right 
angles to the face of the earth, sometimes 
nearer and sometimes farther away from 
the sun and moon, and under all of these 
changing conditions feel no discomfort 
whatever (and a delicate spring balance 
would show absolutely no change of a 
given weight under any of these condi- 
tions), proves to me that the only measur- 
able force acting on our earthly bodies is 
that of the gravitational force of our earth. 

I therefore believe that Sir Isaac New- 
ton was definitely wrong in his statement 
that every body attracted every other 
body, and in assigning gravitational forces 
to all bodies according to size or mass, and 
then claiming that these forces held the 
universe together. He never dreamed 
that there were atomic forces in our 
universe that would make gravitational 
forces so insignificant and puny as to 
play only minor roles in this universe. 

I believe we have no proof of gravita- 
tional forces anywhere but on this earth. 

At around 2,000,000 degrees, the sun, 
consisting of hydrogen and helium, is a 
mass of raw materials using the least 
amount of electrons, and having the lowest 
atomic weights. These gases can be seen 
leaving the sun, cooling by expansion, and 
finally forming sun spots. The spectro- 
scope tells us that during this process of 
cooling or expansion various groupings 
of these raw materials take place, increas- 
ing the atomic weights and forming prac- 
tically every known element of this earth. 
Many million tons of hydrogen are con- 
verted into helium daily, and this has 
been going on for billions of years. Our 
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COMPUTATION FOR THE SPACE AGE | 


PEDITIONS INTO SPACE FOLLOW TRAILS BLAZED BY COMPUTATION SPECIALISTS, IN THIS HIGHL’ 


PHISTICATED TECHNOLOGY, BURROUGHS CORPORATION’S DEMONSTRATED COMPETENCE RANGES FRON 
SIC RESEARCH THROUGH PRODUCTION TO FIELD SERVICE AS PROVED BY PROJECTS SUCH AS THE Alf: 


DRCE ATLAS, BURROUGHS CORPORATION IS EQUIPPED BY ABILITY AND ATTITUDE TO FUNCTION AS} 
EAM MEMBER—A CLEARCUT RECOGNITION THAT EVEN IN THE REACHES OF OUTER SPACE, THE SHORTES 
STANCE BETWEEN TWO POINTS IS SINGLENESS OF PURPOSE APPLIED TO MUTUAL OBJECTIVES, 
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Burroughs Corporation 
& “NEW DIMENSIONS | in computation for military systems” 
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Left: “Operation Sky-Catch” tests, conducted jointly by 
U.S. Navy, Westinghouse and Lockheed, reveal effects of 
launch stresses. To prevent damage to POLARIS test missile 
components, huge overhead assembly catches it in mid-air. 


Far left: Carrying awesome destructive power, Navy’s 
POLARIS is markedly smaller than other U. S. ballistic 
missiles of same range. To enable one submarine to carry 
many missiles, Lockheed scientists achieved miniaturi- 
zation breakthroughs on all major systems of POLARIS. 


Above: Propulsion system firings light up night sky at 
Lockheed Missiles and Space Division’s 4000-acre test 
base in the Santa Cruz mountains, Calif. A nearby vertical 
test stand permits simulated flights of complete POLARIS 
missiles, to test their propulsion and guidance systems. 


Left: Nuclear powered U. S. Navy sub (1) launches 
solid-propellant POLARIS missile which erupts from ocean 
depths (2)—then rockets its way on a ballistic missile tra- 
jectory high above the earth’s atmosphere (3) into outer 
space. Re-entering the atmosphere (4) the re-entry body 
of the PoLaris plunges earthward to destroy its target (5). 


Launching an IRBM from submerged submarines in- 
volves technological developments that are unique in 
ballistic missile history. 


As POLARIS Missile System manager and prime con- 
tractor, Lockheed’s Missiles and Space Division is 
responsible for coordinating all phases of its design, 
development, and production. 


The POLARIS, a solid-propellant missile, will be oper- 
ational in 1960—ahead of schedule. The operational 
missiles will be delivered to U. S. Navy submarines in 
Lockheed ready-service transporters under controlled 
humidity and temperature conditions. And Lockheed’s 
ACRE—Automatic Checkout and Readiness Equipment 
—will maintain the constant ready-to-fire capability of 
POLARIS missiles, right up to the moment of launch. 


With an ultimate range of 1500 nautical miles, the 
POLARIS will become one of the most formidable deter- 
rent weapons ever devised. For any significant military 
target on earth will be within range of its nuclear warheads. 


JET TRANSPORTS + JET FIGHTERS +» JET TRAINERS + COMMERCIAL & MILITARY PROP-JET TRANSPORTS + ROCKETRY 
BALLISTIC MISSILE RESEARCH & DEVELOPMENT +» WEAPON SYSTEM MANAGEMENT + ANTI-SUBMARINE PATROL AIRCRAFT 
NUCLEAR-POWERED FLIGHT * ADVANCED ELECTRONICS +» AIRBORNE EARLY-WARNING AIRCRAFT +» AIRPORT MANAGEMENT 
NUCLEAR REACTOR DESIGN & DEVELOPMENT + GROUND SUPPORT EQUIPMENT + WORLD-WIDE AIRCRAFT MAINTENANCE 
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pneumatic controls 
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duct couplings and supports « 


heat exchangers 


167 Operations 
to Relfability 


The machine operator in the foreground 
is chamfering a bore—the 37th operation on 
a Janitrol pneumatic control body. 
He works routinely to +.0001” and 
has the mental flexibility to adapt to rapid 
design changes. He’s been machining aircraft 
pneumatic parts for many years and has 
a deep respect for precision as an 
essential factor in reliability. 

Janitrol people—whether designing heat 
exchangers, testing pneumatic controls, 
or fabricating high performance duct 
couplings—know that sudden design change 
is part of the means to reliability. 
They can handle it. 


When your advanced missile and 
aircraft designs demand imaginative and 
knowledgeable sub-system management, 
and when you need a proposal for air 
supply systems, controls, heat exchangers, 
duct couplings and supports, or combustion 
systems for aircraft and ground support, 
call on your Janitrol Engineering 
Representative. Janitrol Aircraft Division, 
Surface Combustion Corporation, 

4200 Surface Road, Columbus 4, Ohio. 


combustion equipment for aircraft, missiles, ground support 
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Second by second, higher-order performance is re- 
quired of today’s missile design—even as tempera- 
tures and loads are on the increase geometrically. 


These are familiar problems to Shafer Engineers 
who have pioneered in the research and develop- 
ment of bearings to meet these higher-order require- 
ments on many of today’s outbound missiles. For 
example, Shafer research on the coefficient of expan- 
sion of materials—and the many other physical prop- 
erties at elevated temperatures—establishes Shafer 
as a leader in high-temperature bearing design. 


The famous exclusive design features that have 
made Shafer first choice for the toughest bearing 
applications in the airframe industry—greater capac- 
ity for its envelope dimensions and weight... 


integral self-alignment with full capacity... greater 
resistance to shock loadings and vibrations—may 
provide the answer to your missile control system 
bearing problems. 


The time for you to draw on Shafer experience is 
now—before you lay in bearings on your latest 
missile design. And remember, too, Shafer advan- 
tages can provide important answers to bearing 
problems on ground support equipment as well as 
the “birds” themselves. Before you lay bearings in— 
call on Shafer experience. 


Shafer Bearing Division, CHAIN Belt Company, 
Downers Grove, Illinois. 


CHAIR! BELT COMPANY 
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Bruel & Kjaer Introduces: 


NEW STANDARD 


for measurement microphone performance 


THE CONDENSER MICROPHONES 
Model 4131 and 4132 


D0 
+3 
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A. Typical Flat Free-Field Response for Model 4131 
B. Typical Flat Pressure Response for Model 4132 


ent zation 
Spring for pressure Diaphragm 
ar 
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Sectional view of Microphone Cartridge > 


(shown 1,35 times actual size) 


* Interchangeable with ASA Standard Microphone 
* Greater Environmental Reliability 


* Applications Simplified with Integrated Supporting 
Equipment 


* Attractively Priced — Reasonable Deliveries 

Exclusive Franchised U.S. Marketing Agent for 

| [] B & K Complete Line Catalog Bruel & Kjaer Instruments 

| NAME d Ly — 

| ADDRESS W.106th STREET CLEVELAND 11, OHIO CLean 

ZONE__STATE 
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Dyna-Soar (for dynamic soaring) is a joint 
project between the Air Force and the NASA, 
and is an attempt to solve the technical prob- 
lems of manned flight in the sub-orbital regions. 
Advance knowledge on the project indicates 
how a boost-glide vehicle can operate from the 
outer fringes of the atmosphere where it can 
maneuver and be recovered undamaged. Studies 
show that by varying the original rocket boost, 


Tmk(s) ® 


and thus the velocity, and with the control 
available to the pilot, the Dyna-Soar aircraft 
can circumnavigate the earth, followed by a 
normal and controlled landing. Boeing Airplane 
Company, one of the competing companies for 
the development contract for the complete 
boost-glide system, has delegated to RCA the 
responsibility for the development of important 
electronic components of Dyna-Soar. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, N. J. 
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The Most Significant Advance 
in Bridge Design 


in many years 


—— 


With Orthonull* to speed balance — eliminates sliding null. 
Wide Ranges — R 0.001 to 10MQ, L 1 wh to 1000 h, 
C 1 wuf to 1000 uf, D 0.001 to 50 at 1 kc 
Q 0.02 to 1000 at 1 kc 
Basic 1% Accuracy for R, L, C — 5% for D and Q 
Not reduced at range extremes 
Ready to Use — battery operated with built-in null detector 
- and 1-kc generator (20-c to 20-kc frequency 
. range with external generator) 
Unique Carrying Case allows panel to be tilted to any conven- 
ient angle . . . closes for complete protection. 


Price: $440. Write for complete information 


*PATENT NO. 2.872.639 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 


NEW YORK AREA CHICAGO . PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES IN CANADA 

Broad Ave. at Linden 6605 W. North Ave. 1150 York Rd. 8055 Thirteenth St. 1182 Los Altos Ave. 1000 N. Seward St. 99 Floral Pkwy. 
Ridgefield, N. J. Ook Pork, lll. Abington, Pa. Silver Spring, Md. los Altos, Cal. Los Angeles 38, Cal. Toronto 15, Ontario 

N.Y. WOrth 4-2722 Village 8-9400 HAncock 4-7419 JUniper 5-1088 Whitecliff 8-8233 HOllywood 9-6201 CHerry 6-2171 


N. J, WHitney 3-3140 
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Ability of energy to do work? 
A mathematical convenience? 
Gibbs’ Free Energy? 


What does it mean in isothermal 
electrochemistry? 


The concept of energy availability 
in all its ramifications is becoming 
ever more important to Allison’s 
energy conversion mission. 


Current projects involving this con- 
cept include electrochemical con- 
version systems (for satellites, space 
systems, and perhaps even your 
future automobile), heat regenerator 
systems and photolysis regenerators. 


In our inquiries we rely not only on 
our Own resources but also on the 
talents of General Motors Corpora- 
tion, its Divisions, and other organi- 
zations and individuals. By applying 
this systems engineering concept to 
new research projects we increase the 
effectiveness with which we accom- 
plish our mission—exploring the 
needs of advanced propulsion and 
weapons systems. 


Division of General Motors, Indianapolis, Indiana 
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TRANSLATION 


Computing machines aid language research at Ramo -Woo/dridge 


To formulate rules for automatic language translation is 
an enormously subtle and complex project. Yet significant 
progress is being made. During the past year of research 
at Ramo-Wooldridge over 60,000 words of Russian text 
have been translated and analyzed using an electronic 
computer. From the beginning several hundred syntactic 
and semantic rules have been used to remove ambiguities 
: that are otherwise present in “word for word” translation. 
Our present computer program for automatic translation 
is a considerable improvement over earlier attempts. 


Apart from the question of translation itself, electronic 
computers are invaluable for language research. The 
expansion of existing knowledge of the rules of language, 
through statistical analysis, is made practical by mecha- 
nized procedures. A clear symbiosis between linguistics 
and computer technology has emerged. 


Automatic translation research is one of many R-W 
activities addressed to problems of communication of 


scientific information. These problems are increasing at 
an accelerating pace. In this area, as in others, scientists 
and engineers find at Ramo-Wooldridge challenging 
career opportunities in fields important to the advance of 
human knowledge. The areas of activity listed below are 
those in which R-W is now engaged and in which open- 
ings also exist: 


Missile electronics systems 

Advanced radio and wireline communications 
Information processing systems 

Anti-submarine warfare 

Air navigation and traffic control 

Analog and digital computers 

Infrared systems 

Electronic reconnaissance and countermeasures 
Basic and applied physical research 


For a copy of our brochure or other information, write to 
Mr. Donald L. Pyke. 


RAMO-WOOLDRIDGE 


® P.O. BOX 90534, AIRPORT STATION * LOS ANGELES 45, CALIFORNIA 


a division of Thompson Ramo Wooldridge Inc. 
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News 


a record of people and events of interest to Institute Members 


John P. Reeder, NASA, Wins 
1959 Octave Chanute Award 


Langley Flight Operations Branch Chief Cited for 
Contribution to Aircraft Flight Research, 


Helicopter Approach Problem 


- INSTITUTE has awarded its 1959 Octave Chanute Award to John P. Reeder, 
Chief, Flight Operations Branch, Flight Research Division, NASA Langley Re- 
search Center. The Award was presented at the IAS National Summer Meeting 


last month. 


The 43-year-old Michigan born pilot 
was cited “for extended and significant 


contributions to aircraft flight research, — 


with particular reference to the safe 
operation of helicopters during the land- 
ing approach under adverse weather con- 
ditions.” 

Mr. Reeder received a B.S. degree in 
Aeronautical Engineering from the Uni- 
versity of Michigan in 1938 and began 
work that same year at the NACA 
Langley Laboratory. He obtained a 
private pilot’s license in 1939. 


World War Il Test Pilot 


During World War II he was chosen 
as one of a number of engineers to begin 
flight training as a test pilot, at which 
time he was assigned to the Langley 
Flight Research Division. In 1944 he 
completed helicopter flight training at 
the Floyd Bennett Naval Air Station. 

Mr. Reeder has been an aeronautical 
research pilot for the past 16 years and 
has been Chief of the Flight Operations 
Branch of the Flight Research Division 
since August, 1952. He has conducted 
research projects on over 142 different 
types of aircraft, including single and 
multiengine, jet- and_ reciprocating- 
engine-powered, land and sea helicop- 
ters and VTOL types. He specialized 
in helicopter flight testing and has made 
numerous contributions to the advance- 
ment of this type of aircraft. He has 
flown a total of 34 different types of heli- 
copters, including British and French 
makes. 


Early Research 


His early research led to the’ estab- 
lishment of criteria for satisfactory han- 
dling qualities. This work included the 
development of testing™ techniques, a 


comparison of pilot impressions with the 
measured characteristics of a large 
number of helicopters, and tests with 
variable stability helicopters to study 
the effect of changes in stability and con- 
trol characteristics. 


Significant Contribution 


More recently he has engaged in high- 
performance helicopter research with a 
view to extending the low-speed heli- 
copter criteria to these more modern 
aircraft, as well as a wide variety of new 
VTOL designs. The most significant 
contribution of all of Mr. Reeder’s re- 
search is his pioneering work in the in- 
strument approach problem of the heli- 
copter. His evaluation of various types 
of pilot aids and ground instrumentation 
has led to the development of improved 


instrumentation and techniques for 
safe operation under low-visibility con- 
ditions. 


Helicopter Authority 


Mr. Reeder has been consulted by 
various manufacturers and Govern- 
ment agencies on improving and stand- 
ardizing helicopter instrumentation. 
He is the author of numerous reports and 
articles and has presented talks in this 
country and in Europe on helicopter re- 
search. He is an Associate Editor of 
the Journal of the American Helicopter 
Society. 

Mr. Reeder is a Member of the IAS, 
the American Helicopter Society, the 
Twirly Birds, and the Mach Busters 
Club. 

The IAS Award, a certificate and 
honorarium, is given annually for “‘a no- 
table contribution made by a pilot to the 
aeronautical sciences.’’ It is one of the 
awards established shortly after the 
founding of the Institute and honors 
the memory of a United States pioneer 
aeronautical investigator who died in 
1910. Last year’s winner was A. Scott 
Crossfield, North American Aviation 
Development Engineer and Experi- 
mental Test Pilot of the X-15. He was 
cited ‘‘for extended and significant con- 
tributions to the knowledge of human 
factors involved in flight at extremelv 
high speeds and high altitudes.”’ 


John P. Reeder is shown at Langley Research Center checking the “horse collar’ (acting as a spoiler) 
placed around the greenhouse of a tandem helicopter to improve directional stability. 
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HUCKBOLT’ FASTENERS 


offer ALL these advantages! 


Cc. 


tute 
Up to 43% saving in installed weight. a Wee 47th 


High strength at elevated temperatures. . A fore 
Vous 
High shear or tensile strength. ba agin; 
Uniform installation with high tensile preload. Socic 
Excellent pull together. 
Self sealing design. quiri 
Maximum structural integrity. tensi 
Fast, accurate installation by unskilled labor. To 
Low installed cost. 
Easy removal without work damage. deck: 
*T.M. of Huck Manufacturing Company tirel: 
been 
parti 
is sl 
syste 
the 
oper 


SAL—Shear type featherweight Huckbolt fasteners 


For complete information—write or call licensees: 


AIRCRAFT / MISSILE DIVISION 
ISSHAN STANDARD PRESSED STEEL COMPANY 
MANUFACTURING COMPANY 
A division of PHEOLL MANUFACTURING COMPANY 


MANUFACTURING COMPANY 
2480 Bellevue Ave., Detroit 7, Mich. 


8463 Higuera Street + Culver City, Calif. 


Jenkintown, Pennsylvania 
(Licensee) 


(Licensee) 


Licensed under Huck patents No. 2,527,307 2,531,048, 2,531,049 and 2,754,703 


18  $Aero/Space Engineering ¢ July 1959 


} 
¥ 
| 
| 
e 
@ 
in M 
mou 
can 
or ‘I 
wea 
f 
or ¢ 
lo 
ng 
a 
syst 
quirs 


Rear Admiral Luis de Florez Retired; Awarded D.F.C. 
for “Extraordinary Achievements” 


Rear Adm. Luis de Florez, USNR 
(Ret.), an IAS Fellow and Member of its 
Council, was awarded the Distinguished 
Flying Cross, marking his reversion to in- 
active duty, at special ceremonies at the 
Naval Air Station, Anacostia, D.C., on 
May 1. The presentation was made by 
Secretary of the Navy Thomas S. Gates, 
Jr. Included in the day’s honors was a 
13-gun salute, special parade, and music 
by the Navy Band. (Admiral de Florez 
was transferred to the Retired List of the 
U.S. Naval Reserve on Sept. 1, 1955, but 
continued active duty on a special project 
in the Office of Naval Research. ) 

Admiral de Florez, a Founder Member 
of the Institute and frequent participant 
in its technical meetings, received the 
D.F.C. ‘for extraordinary achievement 
while participating in innumerable air- 
craft flights, contributing greatly to the 
progress of naval aviation and aviation in 
general, during a long and most distin- 
guished naval career.’’ The citation fur- 
ther states: 

‘“‘[His] original conception, design and 
test flying of aircraft instrumentation 
included the first bubble sextant, the first 
complete audio flight reference, and many 
major contributions to the development of 
cockpit instrumentation and controls, air 
speed indicators and night lighting. A 
pioneer in the application of human engi- 
neering to aircraft design, he made many 


invaluable contributions to aircraft safety 
and performance. His imagination and 
inventive skill in the field of aviation were 
recognized by the Scientific American 
Prize for Aircraft Improvement in 1934, 
and the Collier Trophy in 1948. His 
capabilities as a pilot were attested by his 
performance in countless races and acro- 
batic contests, including the Amateur 
Acrobatic National Contest. Throughout 
his career, Rear Admiral de Florez was in 
the forefront of naval aviation as in- 
ventor, designer, and pilot, qualifying in 
carrier operations and in almost every 
aircraft type and model in contemporary 
use, including helicopters and jet planes. 
From 1956 to 1958, while attached to the 
Office of Naval Research, he made sig- 
nificant contributions to design and testing 
activities, including personal project flying 
on short takeoff and landing aircraft, air- 
craft silencing, and other important proj- 
ects of a classified character... .’’ 

A 1912 graduate of M.I.T. with a B.S. 
degree in Mechanical Engineering, Ad- 
miral de Florez also holds the honorary 
degrees of Doctor of Science from Rollins 
College and Tufts College and the degree 
of Doctor of Engineering from Stevens 
Institute of Technology. 

Other citations held by Admiral de 
Florez are the Distinguished Service 
Medal, Legion of Merit, Victory Medal 
(World War I), American Defense Service 


Immediately after the presentation, Secretary 
of the Navy Thomas S. Gates, Jr., was the first 
to congratulate Admiral de Florez. 


Medal, American Campaign Medal, Asi- 
atic-Pacific Campaign Medal, World War 
II Victory Medal, and Naval Reserve 
Medal. He also has been awarded the 
Military Division of the Most Excellent 
Order of the British Empire, by the gov- 
ernment of Great Britain. While in an 
inactive duty status, he was awarded the 
Silver and Gold Medals of the Spanish 
Red Cross in recognition of his equipping 
ambulances and supplying medical aid to 
the government of Spain. 


47th Wilbur Wright Lecture 
Presented by C. J. McCarthy 


C. J. McCarthy, a Fellow of the Insti- 
tute and its 1953 President, delivered the 
47th Wilbur Wright Lecture in May be- 
fore the Royal Aeronautical Society in 
London. The Board Chairman of Chance 
Vought Aircraft, Inc., speaking on ‘‘Man- 
aging Aviation Technologies,’ told the 
Society that revolutionary technological 
advances have directed America’s aircraft 
industry into ‘“‘new and difficult areas re- 
quiring highly educated specialists, in- 
tensive research in many sciences, and a 
more flexible organization.” 

Mr. McCarthy, also Chairman of the 
Board, Aerospace Industries Association, 
declared one result of the rapidity of en- 
tirely new developments in aviation has 
been that ‘‘the period of time in which a 
particular weapon system is predominant 
is shortening and we have replacement 
systems under development even before 
the earlier weapon has become fully 
operational.”’ 

Moreover, he noted, ‘Due to the 
mounting cost, the Defense Department 
can seldom afford the luxury of alternate 
or ‘back up’ models.... With each new 
weapon system requiring fantastic sums 
for development, the Government can no 
longer afford the expense of carrying along 
a parallel system.... The one weapon 
system chosen to fill an operation re- 
quirement must be successful.” 

Mr. McCarthy also discussed propul- 
sion, structures, equipment developments, 


aero/space medicine, and the weapon 
system concept. Regarding the latter, he 
commented that “it is reasonable to an- 
ticipate that cooperation of firms on a 
weapon system will extend beyond na- 
tional boundaries and be international in 
scope.” 

In a cable to IAS Director S. Paul 
Johnston, RAeS President Peter G. 
Masefield, Managing Director of Bristol 
Aircraft Ltd., reported the lecture ‘‘worth- 
ily upheld highest traditions,” and at 
dinner following the lecture the ‘‘health of 
the Institute was drunk with acclamation 
by whole assembled company.’ Among 
the guests was the U.S. Ambassador to 
England, John Hay Whitney. 


Necrology 


Curt L. Zitza 


The Institute has been notified of the 
death of Curt L. Zitza (M) in October, 
1958. 

Mr. Zitza was Chief of the Design 
Branch, U.S. Army Chemical Center in 
Maryland. He had been with The 
Martin Co. for many years as a Design 
Engineer in power-plant installation. 

He received a degree in Mechanical 
Engineering in 1922 from the Beuth 
School of Engineering. 


Chicago Aerial Industries 
Becomes Corporate Member 
Chicago Aerial Industries—new Cor- 


porate Member—designs and manufac- 
tures aircraft control equipment including 


Dr. Charles S. Draper (F), Head of the De- 
partment of Aeronautics and Astronautics, M.LT., 
has been named Chairman of the National 
Inventors Council. Dr. Draper is himself a 
pioneer inventor of inertial guidance systems for 
aircraft, missiles, and submarines. 
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missiles, aircraft and drone reconnaissance 
systems, terrain clearance and active and 
passive homing devices, helicopter and 
aircraft instrumentation, and airborne 
data displays. Their aerial reconnaissance 
equipment received wide acclaim as the 
result of record-breaking supersonic cross- 
country speed dasher by jet reconnaissance 
planes of the Navy and Air Force in recent 
months. 

Chicago Aerial Industries’ reconnais- 
sance systems, which provide continuous 
surveillance of the entire flight path across 
the U.S., are standard equipment on vir- 
tually every reconnaissance aircraft in 
the military services. 


Dryden Named to 
U.N. Committee 


Hugh L. Dryden, IAS Honorary Fellow 
and Honorary Member, was chosen to as- 
sist Henry Cabot Lodge, Chief United 
States Representative to the United Na- 
tions, in the work of the U.N. Commit- 
tee on the Peaceful Uses of Outer Space. 
A meeting of the Committee was held last 
May. 

Dr. Dryden is Deputy Director of the 
NASA. He is a member of the Editorial 
Advisory Committee on Aerodynamics 
and Fluid Mechanics for the IAS JOURNAL 
OF THE AERO/SPACE SCIENCES, of which 
he was also Editor until December, 1956. 


STL Becomes IAS 
Corporate Member 
Space Technology Laboratories, Inc., 
is responsible for overall systems engi- 
neering, technical direction, and related 
research for the Air Force Interconti- 


Dr. Hugh L. Dryden (HF, HM) 


nental and Intermediate Range Ballistic 
Missile Programs. 

For such agencies as NASA and ARPA, 
STL carries out special experimental proj- 
ects as the Able-1 space-probe program 
For this experimental project, STL de- 
signed and produced Pioneer. Carrying 
25 Ibs. of instrumentation, Pioneer had a 
total weight of 85 Ibs. and sent back to 
earth five channels of significant informa- 
tion concerning outer space environments, 
including measurements of micromete- 
orite impacts, magnetic fields, temper- 
atures, and cosmic radiation effects. 

Both in support of its systems engi- 
neering activities and in anticipation of 
future system requirements, STL is en- 
gaged in a great variety of analytical and 
experimental research projects. These 


Bo Lundberg (HF), Director of the Aeronautical Research Institute of Sweden, visited 
Del Mar Engineering Laboratories’ exhibit during the recent World Congress of Flight 
at Las Vegas. He is shown with the “scorer” of a Del Mar RADOP training system, used 
extensively to train interceptor pilots in the U.S., Canada, and the NATO countries. Mr. 
Lundberg spoke on “Aeronautical Research in Sweden" as part of an international re- 
search symposium sponsored by the USAF ARDC. 
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are directed toward the exploration of new 
concepts and advanced techniques in bal- 
listic missile and space vehicle electronics, 
aerodynamics, hypersonics, propulsion, 
and structures. 

In addition to this complex engagement 
with the conception, evaluation, design, 
and development of space vehicle sys- 
tems, STL’s Physical Research Labora- 
tory is in the forefront of the aeronautical 
sciences, with fundamental physical re- 
search in magnetohydrodynamics, plasma 
physics, and low-temperature solid-state 
physics. 


Convair’s Bossart Honored by 
Air Force Association 


Karel J. Bossart (AF), Assistant to the 
Vice-President—Engineering for Convair, 
A Division of General Dynamics Corp., 
was honored by the California Wing of the 
Air Force Association when the ‘Man of 
the Year in Science’? Award was conferred 
on him during their eleventh annual con- 
vention banquet on May 2. The Award 
was given “‘in recognition of many years of 
determined effort to create a successful 
ICBM for the U.S.” 

Bossart, often referred to as ‘‘Father of 
the Atlas’ intercontinental ballistic mis- 
sile, already received the Air Force’s 
Exceptional Civilian Service Award in 
July, 1958, for his leadership in developing 
the Free World’s first ICBM. 

He served as Project Engineer of the 
Atlas Program in 1946 when it started as 
the MX774 Hiroe research rocket, and he 
was intimately associated with the missile 
throughout its design and development 
period. He later served as Chief Engineer 
on the Atlas program, and in March, 1957, 
was promoted to Technical Director of 
Convair-Astronautics. 


News of Members 


Robert C. Chilton (M) was elected 
Vice-President—Development Planning, 
Horkey-Moore Associates, Torrance, Calif. 
He was formerly Contract Administrator, 
Convair-Astronautics. 

Major James R. Cumberpatch (A), 
Assistant Chief of Staff of the Sacramento 
Air Materiel Area, has been awarded an 
Alfred P. Sloan Fellowship for a year of 
special study in industrial management 
at the Massachusetts Institute of Tech- 
nology. 

John A. Drake (M), Director of Astro, 
a division of Marquardt Aircraft Co., 
has been appointed to serve on NASA’s 
Research Advisory Committee on Chem- 
ical Energy Processes. 

Dr. Jack E. Froehlich (M) has been 
appointed Vice-President in charge of 
Special Projects for Alpha Corp. (Dallas, 
Tex.). Dr. Froehlich was formerly a 
Program Director at Jet Propulsion 
Laboratory, California Institute of Tech- 
nology. 

Dr. James T. Grey (AF), recently 
Scientific Adviser to the Director of 
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Research and Development in Head- 
quarters, USAF, has been appointed 
Director of the Research Planning Staff, 
Rocket Divisions, Thiokol Chemical Corp. 
Dr. Grey will concentrate on coordinating 
current research programs, formulating 
long-range research activities, and studying 
the problem of commercial applications 
for rockets, rocket components, and 
propellants. 

Wayland C. Griffith (M), Associate 
Director of Research for Spacecraft and 
Missiles at Lockheed Aircraft’s Missile and 
Space Division, has been named to 
NASA’s subcommittee on Missile and 
Spacecraft Aerodynamics. 


Frederick H. Guterman (M) has been 
appointed General Manager of the In- 
dustrial Products Division of International 
Telephone and Telegraph Corp., San 
Fernando, Calif. 

Richard E. Horner (M) has resigned as 
Assistant Secretary of the Air Force for 
Research and Development to accept 
appointment as Associate Administrator 
of the NASA. 


Dr. William C. Leone (M) has been 
appointed Manager of the Industriai 
Systems Division of Hughes Products 
Group, Hughes Aircraft Co. He will 
direct activities of the newly created 
division in the field of electronic industrial 
controls, precision crystal filters, and 
Memo-Scope oscilloscope instruments. 
He was formerly Head of Engineering. 


Harry S. Myers, Jr. (A), formerly 
Senior Staff Engineer of Aerojet-General 
Corporation’s Systems Division, has been 
appointed Special Assistant to Chandler 
C. Ross, Vice-President—Engineering. 


Bryan R. Noton (M) has been named 
Technical Assistant to the Director of 
the Aeronautical Research Institute of 
Sweden (F.F.A) and will also conduct 
structural research as a Senior Scientific 
Officer at the F.F.A. 


R. J. Pfeiffer (A) has been appointed 
Manager of Commercial Aircraft Market- 
ing for North American Aviation, Inc. 
He was formerly Vice-President of Mar- 
keting for Fairchild Engine and Air- 
plane Co. 


Dr. Allen E. Puckett (F), Vice-President 
and Director of Systems Development 
Laboratories, Hughes Aircraft Co., has 
been appointed to serve on NASA’s 
new Research Advisory Committee on 
Control, Guidance, and Navigation. 


Bruno J. Salvadori (M) has been 
named Chief Engineer at All American 
Engineering Co. (Wilmington, Del.) where 
he had been Chief Projects Director and 
Assistant to the Vice-President, with 
responsibility for preliminary design. 


Carl F. Schmidt (M) has joined the 
Flight Safety Foundation as Engineering 
Director. He will act as assistant to 
Jerome Lederer, Managing Director, on 
technical matters, and will also help 
service the Maintenance and Air Op- 
erations divisions of the Foundation. 
He was formerly associated with Lock- 
heed Aircraft Corp. as an Operations 
Engineering Specialist. 

Roy Smelt (AF), Manager of the 
Discoverer Satellite Project for Lock- 
heed Aircraft’s Missiles and Space Di- 
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vision, has been appointed to NASA's 
subcommittee on Missile and Spacecraft 
Aerodynamics. 

Stanley W. Smith (AF) has joined 
Fairchild Engine and Airplane Corp. 
as Chief Engineer of the Aircraft and 
Missiles Division. He was formerly 
Chief Project Engineer for Bell Aircraft 
Corp. 

Dr. Leo Stoolman (M), Manager— 
Aerodynamics Department, Hughes Air- 
craft Corp., has been named to serve on 
NASA’s Research Advisory Committee 
on Structural Loads. 

Thomas J. Sullivan (A) has been 
appointed Assistant Division Manager— 
Contracts, Customer Service, and Ma- 
terial at Convair (San Diego) Division of 
General Dynamics Corp. He was for- 
merly Manager of Contracts at Convair’s 
Fort Worth, Tex., plant. 

Arthur R. Teasdale (AF) has been 
named Head of Temco Aircraft Corpora- 
tion’s newly created Electronic Division 


News 


which will have responsibility for elec- 
tronics development, manufacture, and 
sales—including missile subsystems and 
advanced technology projects. Mr. Teas- 
dale was Director of Advanced Tech- 
nology prior to his new assignment. 


Dr. Herbert A. Wagner (AF) has been 
retained by the Astrionics Division of 
Fairchild Engine and Airplane Corp. 
as a Consultant in Systems Analysis 
during July and August. Dr. Wagner is 
currently a Professor at the University of 
Aachen, Germany. 

Henry M. Wales (M) has been ap- 
pointed Manager of Marketing for the 
Industrial Systems Division of Hughes 
Products Group, Hughes Aircraft Co. 
He was formerly Manager of Marketing 
and Assistant General Manager of the 
California Division of Lear, Inc. 

Leo A. Weiss (A), President of Avien, 
Inc., has been elected Vice-President, 
Eastern Area, of the Young Presidents’ 
Organization. 


Corporate Member News 


Aerojet-General Corp... . Sacramento 
(Calif.) Plant has announced that Dr. 
Adolph Oberth has joined the Solid-Pro- 
pellant Research and Development staff 
of its Solid Rocket Plant... . Azusa Plant 
has announced that Rear Adm. L. C. 
Baldauf, USN (Ret.), has joined the Cor- 
porate Quality Control staff as a Technical 
Specialist. 

e Aeronca Manufacturing Corp. has ac- 
quired by merger Longren Aircraft Co., 
Inc., of Torrance Calif. It will be known 
as the Longren-California Division of 
Aeronca and will continue to manufacture 
aircraft components. Hampden Went- 
worth, former President of Longren, who 
has been elected a Director and Vice- 
President of Aeronca, will be General 
Manager of the new Division. 

e American Airlines, Inc., has formally 
dedicated the new jet age facilities at 
American Airlines’ Jet Maintenance and 
Engineering Center at Tulsa, Okla. The 
1,000,000-sq.ft. installation is the first for 
overhaul of commercial jet air transport 
equipment. 

e American Bosch Arma Corp. has named 
Arthur V. Sommer Chief Engineer of the 
Arma Division. He was formerly Man- 
ager of the Chicago Division. W. W. 
Harris has been appointed Corporate 
Director of Contracts. 

e@ Bell Aircraft Corp.... Bell Helicopter 
Corp.’s XV-3 convertiplane, under de- 
velopment for the U.S. Army, has become 
the first VTOL aircraft to shift gears in 
airplane flight. 

e Chicago Aerial Industries, Inc., has an- 
nounced the election of John J. Lynch to 
the Board of Directors. 

e Curtiss-Wright Corp. has elected Donald 
C. Power to the Board of Directors. 

@ General Dynamics Corp. has elected 
President Frank Pace, Jr., as Chairman of 
the Board of Directors; at the same time 


Earl D. Johnson, Executive Vice-Presi- 
dent, was named President. Mr. Pace 
remains chief executive officer. Dr. Fed- 
eric de Hoffman, General Manager of the 
General Atomic Division (San Diego), was 
made President of the Division. . . .General 
Atomic Division has announced the crea- 
tion of three vice-presidential positions. 
Dr. E. C. Creutz has been appointed Vice- 
President—Research; H. B. Fry and C. A. 
Rolander were named Vice-Presidents. . . . 
Stromberg-Carlson has named Donald H. 
Parrish as Works Manager—San Diego, 
and Anthony M. Barnise as Head of Con- 
tracts—San Diego. 


e General Electrie Co.... Flight Propul- 
sion Division has announced the appoint- 
ment of Theodore W. Shidler, Jr., as 
Manager of Marketing of its Small Air- 
craft Engine Department. 


e General Precision Equipment Corp.... 
Kearfott Co., Inc., has elected Donald W. 
Smith to the position of Chairman of the 
Board of Directors and Fred D. Herbert, 
Jr., to the office of President. 


@ Janitrol Aircraft Division, Surface Com- 
bustion Corp., has appointed Frank H. 
Scott to the newly created position of 
Field Sales Manager. He will supervise 
the operations of all the Division’s field 
offices and personnel. 

@ Lear, Inc., has promoted Kenneth M. 
Miller to the position of General Manager 
of the LearCal Division. Edward F. Conk- 
lin has been made Assistant to the Chair- 
man of the Board. 


e The Martin Co. has announced realign- 
ment of top management: George M. 
Bunker will remain as Chairman of the 
Board and Chief Executive; William B. 
Bergen, formerly Executive Vice-Presi- 
dent, has been elected President and will be 
principal operating officer, directing the 
functioning of its seven operating Divi- 
sions. Dr. Harry P. Kling has been 
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named Manager of the Nuclear Compo- 
nents Department, Nuclear Division. 


e North American Aviation, Inc., has es- 
tablished a new subsidiary called Navan 
Products, Inc., for the commercial market- 
ing of inventions. ... / Autonetics has 
named Cedric F. O'Donnell as Chief of 
Digital Computers. 

e Northrop Corp. has named James Allen, 
a Director, to the post of Corporate Vice- 
President and Assistant to the President. 
@Radio Corp. of America... Defense 
Electronic Products has appointed George 
F. Breitwieser as Chief Engineer, West 
Coast Missile and Surface Radar Depart- 
ment. 

e Ryan Aeronautical Co. will begin con- 
struction early this month onan Electronics 


News 


Test Facility at its Electronics Division’s 
Kearney Mesa plant, San Diego. William 
P. Sloan has been appointed Manager of 
the Washington, D.C., office of the Mili- 
tary Relations Division. 


@ United Aircraft Corp.... Hamilton Stand- 
ard has announced the creation of a new 
department for the design, development, 
and manufacture of specialized ground 
support equipment for missiles and air- 
craft. Heading the new department will 
be Edwin D. Eaton, formerly chief of ex- 
perimental operations, as Manager; Ray- 
mond P. Lambeck as Chief of Preliminary 
Design and Sales; Wilson M. Alford as 
Development Engineer; Harold Rourke as 
Chief of Ground Support Equipment Pro- 
duction; and Sherwood V. Martin as 
Administrative Assistant. 


IAS Sections 


Boston Section 


Raytheon Official 
Describes Weapons System 


The growth of a complex modern weap- 
ons system, from initial conception 
through final production, was described by 
Thomas L. Phillips, Manager of Missile 
Systems Laboratory (Bedford), Raytheon 
Mfg. Co., at the April meeting. 

Mr. Phillips depicted the narrow path 
between innovation and compromise which 
engineering management must tread to 
develop a dynamic, yet reliable, military 
weapons system, and recounted the steps 
leading from the first recognition of a need, 
through the discussion, design, and de- 
velopment stages, to the production of 
operational hardware. 

After pointing out that the development 
program must begin with a clear definition 
of Government-agency and_ prime-con- 
tractor responsibilities, followed by trans- 
lation of the desired military operational 
characteristics into precise technical re- 
quirements, he divided the implementa- 
tion of the project into four stages: (1) 
feasibility study, the free exchange of 
ideas and evaluation of various approaches 
to choose an optimum method of accom- 
plishing all of the technical requirements; 
(2) critical-component development, ac- 
celerated basic research to develop certain 
necessary components whose design is 
“pushing the state of the art’; (3) proto- 
type development, culminating in a com- 
plete system demonstration, reliability, 
handling, and maintenance; (4) produc- 
tion, begun as soon as fulfillment of the 
primary military objectives has been 
demonstrated, even though the design is 
not frozen, in order to avoid a serious lag 
in our operational capability and the 
production of an obsolete weapon. 

Mr. Phillips explained that the center 
of project control and decision is the 
project engineering team established early 
in the feasibility study and directed by the 
senior project engineer who evaluates and 
determines the fate of ideas and proposals 
at each stage. He is responsible for the 
final outcome of the project in terms of 
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operability and time schedules. Sub- 
contractors, who usually handle 30-60 per 
cent of the project, are chosen during the 
critical component-development stage and 
work with members of the project en- 
gineering team. 

J. J. Kirsy, Secretary 


New Mexico Section 
Radiation and the Man in Space 


‘‘Nuclear Radiation in Space,’’ based on 
the IGY Satellite Program and the various 
space probe shots, was discussed by Col. 
Edward B. Giller, Deputy for Special 
Projects, Air Force Special Weapons 
Center, at the March meeting. 

Colonel Giller said that available in- 
formation, as published in scientific and 
technical journals, indicates that radia- 
tion in space consists primarily of protons, 
electrons, and neutrons. The charged par- 
ticles are apparently trapped in the earth’s 
magnetic field, and as a result appear to be 
concentrated in specific belts or layers of 
radiation. Within these radiation belts, 
if the particles are primarily protons, a 
man could be exposed to an intensity of 
about 100 roentgens per hour in compari- 
son with only 10 if the belt consisted of 
only trapped electrons. He stated that 
the peacetime allowable radiation exposure 
of 0.3 r per week, with a maximum of 5 per 
vear total, could be easily exceeded if a 
space vehicle containing a man were 
orbited for only a short time within these 
exposure levels. 

Colonel Giller referred to a recent article 
by Dr. James E. Van Allen in Scientific 
American which discussed space radiation 
in some detail and speculated on its source. 
It is believed that the majority of the 
charged particles originate in the sun, with 
a smaller percentage possibly coming from 
our galaxy, the Milky Way. From 
Stormer’s theoretical publications and Van 
Allen’s observations, Colonel Giller said 
that a rough picture of how these particles 
are trapped in the earth’s magnetic field 
has been postulated. When a fast-moving 
charged particle is injected into the mag- 
netic field, it is forced into a corkscrew- 


shaped trajectory, the centerline of which 
extends along and parallel to lines repre- 
senting the earth’s magnetic field. The 
diameter of this helical trajectory is quite 
large at the equator and becomes much 
less as the particle reaches the stronger 
magnetic field toward the earth’s poles. 
At the lower end of this orbit, the particle 
goes into a flat spiral and then winds back 
along a similar path to the other hemi- 
sphere, making the trip from one hemi- 
sphere to the other within a second or so. 
During those convolutions the line of travel 
shifts slightly so that the particles drift 
slowly around the earth as they prescribe 
a helical journey from hemisphere to 
hemisphere. An electron drifts from west 
to east; conversely, a proton drifts in the 
opposite direction. At each end of the 
orbit near the earth’s poles, the particles 
descend into regions of higher atmospheric 
density. Collisions within the denser 
atmosphere cause them to lose energy 
and gradually change trajectory, finally 
becoming lost in the lower atmosphere 
after a few days or weeks. 

Colonel Giller said that the information 
received from Explorers I and III in- 
dicated that radiation, in fact, exists above 
altitudes of about 500 miles over a region 
some 34 deg. north and south of the equa- 
tor. Observations from Pioneer III on 
both legs showed a double layer of in- 
tensity, establishing that there are two 
layers of radiation instead of one. The 
inner layer reaches a peak intensity at 
about 2,000 miles in altitude and the other 
one approximately 10,000 miles. Beyond 
10,000 miles, radiation intensity diminishes 
steadily, disappearing almost completely 
beyond 40,000 miles altitude. Maximum 
intensity in each layer is about 25,000 
counts per sec., equivalent to about 40,000 
particles per sq. cm. per sec. Compara- 
tively free radiation zones appear to exist 
over the poles which indicates a possible 
escape route for a man in a space vehicle. 
Lr. Cou. L. T. BOATWRIGHT, JR., USAF 

Secretary 


San Antonio Section 


Space-Age Education Discussed 
by Air Force Academy Professor 


That man in space is not too far away 
and that our Air Force’s progress has been 
hamstrung by overall underestimation of 
things to come were two points emphasized 
by Col. B. F. Blasingame, Professor of 
Astronautics, Air Force Academy, in his 
talk on ‘‘Education of Air Force Officers for 
the Space Age’’ at the April meeting. 
Both of these points, however, are being 
strongly stressed in the cadets’ training 
curriculum at the Air Force Academy, 
Colonel Blasingame said. He stated that 
major importance is placed on leadership 
ability and the problems facing the Bal- 
listic Missile Unit Commander. 

The overall general curriculum was pre- 
sented, with detailed discussion of the 
science courses and specific emphasis on 
Astronautics. This course, he said, leads 
the cadet from the ‘‘design flow chart” 
through the initial design and develop- 
ment stage of a theoretical missile in- 
cluding vehicle design, guidance, rocket 
motor parameters, and a study of the 
potentiality of fuels. 
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NOTABLE 


PIONEERING IN SPACE RESEARCH 


Another important advance in man's 
knowledge of outer space was provided 
by Pioneer III. This, like many others of a 
continuing series of space probes, was 
designed and launched by Jet Propulsion 
Laboratory for the National Aeronautics 
and Space Administration. JPL is admin- 
istered by the California Institute of 
Technology for NASA. 

During its flight of 38 hours, Pioneer III 


CALIFORNIA 


was tracked by JPL tracking stations 
for 25 hours, the maximum time it was 
above the horizon for these stations. 
The primary scientific experiment was 
the measurement of the radiation en- 
vironment at distances far from the Earth 
and telemetering data of fundamental 
scientific value was recorded for 22 hours. 
Analysis of this data revealed, at 10,000 
miles from the Earth, the existence of a 


belt of high radiation intensity greater 
than that observed by the Explorer 
satellites. 

This discovery is of vital importance as 
it poses new problems affecting the dis- 
patch of future vehicles into space. The 
study and solution of such problems 
compose a large part of the research and 
development programs now in extensive 
operation at the Laboratory. 


INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 


PASADENA, CALIFORNIA 


OPPORTUNITIES NOW OPEN ? APPLIED MATHEMATICIANS . ENGINEERING PHYSICISTS . COMPUTER ANALYSTS . IBM-704 PROGRAMMERS 


IN THESE CLASSIFICATIONS 


AERONAUTICAL ENGINEERS . RESEARCH ANALYSTS . DESIGN ENGINEERS . STRUCTURES AND DEVELOPMENT ENGINEERS 
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Excellent slides illustrated the presenta- 
tion, some showing actual student missile 
design, a student design of a ‘“Conard’’- 
type transport aircraft, and finally test 
nose cones undergoing aerodynamic test- 
ing in the Academy’s supersonic (Mach 
3.5) tunnel. 

Guests of honor introduced before the 
talk were Gen. John McCormick (Ret.), 
former Commander of Lackland AFB, and 
Gen. Robert Stillman, present Commander. 
> The March meeting was highlighted by 
a tour of the manufacturing facilities of 
Howard Aero, Inc., of San Antonio, Tex., 
which included all production and flight 
line phases required to produce the Super 
Ventura. 

RoBerRT R. Perry, Secretary 


San Francisco 


Capt. Sidney Sherby 
Discusses VTOL Aircraft 


“Review of Development Efforts in 
VTOL Aircraft’? was the subject of a 
talk by Capt. Sidney Sherby, Vice-Presi- 
dent—Engineering and Research, Hiller 
Aircraft Corp., at the April meeting. The 
interest in VTOL in the space age, Captain 
Sherby said, emanates primarily from the 
Air Force’s mission to operate on the map 
of the earth. Secondarily, there is an 
interest to increase the size of the air- 
traveling public since only 7 per cent of the 
population has flown in aircraft to date. 

Captain Sherby discussed the general 
performance characteristics of the spec- 
trum of VTOL devices like the helicopter, 
convertiplane, tilt-wing, ducted fan, and 
turbojet. He said that the most satis- 
factory VTOL aircraft is the helicopter, 
which is characterized by a low disc load- 
ing (20 psf). Convertiplanes, tilt-wings, 
ducted fans and turbojet VTOL have pro- 
gressively higher disc loadings—jets being 
about 1,000 psf. This interesting progres- 
sion was illustrated with color slides. 

The unique feature of VTOL aircraft 
lies in its ability to hover, Captain Sherby 
stated. For zero hover time, the turbojet 
VTOL is the most efficient of the group, 
but, as hover time is added, the helicopter 
shows up best. VTOUL’s are confined to 
maximum ranges in the neighborhood of 
200 to 300 miles, beyond which they be- 
come economically unfeasible. In looking 
at the areas where advances may be ex- 
pected in VTOL, Captain Sherby cited the 
flying platform, devices like the Lippisch 
Aerodyne (lift and propulsion combined), 
and the Brequet turbojet VTOL (fans in 
wings and retractable motor). In all 
these areas, improvements will be made in 
overall vehicle aerodynamics, which so far 
has been neglected. 


NorMAN R. BERGRUN, Secretary 


South Florida Section 
IAS President Is Speaker 


The problems of the airline industry 
during the conversion to the jet age were 
concentrated on by IAS President William 
Littlewood, Vice-President—-Equipment 
Research, American Airlines, in his talk 
at the April meeting. He said that the 
new Boeing 707 and Lockheed Electra are 
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presenting schedule, maintenance, and 
airport terminal problems; however, he 
emphasized that the difficulties are work- 
ing themselves out. A comparison be- 
tween today’s Boeing 707 and yesterday’s 
Ford trimotor was made with interesting 
results. 

A lively group discussion followed which 
touched upon jet aircraft structure, pro- 
pulsion, air conditioning, and interiors. 


AnprREW C. McDermott, Secretary 


Washington Section 


Nuclear Propulsion Systems Is 
Topic at Trisection Meeting 


The Washington Section was host to the 
Hagerstown and Baltimore Sections for 
this year’s trisection meeting on April 14. 

Before introducing the Honorary Chair- 
man for the evening, Chairman Jerry 
Desmond introduced others at the head 
table, including Bill Street and John Atti- 
nello, Baltimore and Hagerstown Chairmen 
respectively; Adm. James S. Russell, 
VCNO; and S. Paul Johnston. Following 
a few words from Mr. Johnston regarding 
this year’s Middle Atlantic Area student 
conference to be boosted soon by Catholic 
University, Jerry Desmond outlined the 
participation by the Washington Section 
in the local area high school science fairs 
which has included financial assistance, 
judging assistance, and sponsorship of a 
tour of the David Taylor Model Basin 
facilities for prize-winning students and 
faculty representatives. 

Major Gen. Donald J. Keirn, Honorary 
Chairman for the technical portion of the 
meeting which dealt with Airborne Nuclear 
Propulsion Systems, prefaced his introduc- 
tion of the two speakers with a few com- 
ments on the overall program. He noted 
the current emphasis on its acceleration, 
and commented that many of the sugges- 
tions in this area were based on psycho- 
logical rather than technical grounds; how- 
ever, he believed that the program should 
be directed toward useful aircraft and mis- 
siles. Thus Convair, as winner of the re- 
cent competition, will develop a ‘‘develop- 
ment airplane’ for the problems of a com- 
plete weapons system. 

Colonel Jack L. Armstrong covered the 
missile and spacecraft field, describing the 
three principal hardware projects cur- 
rently under way and the general prob- 
lems involved in these programs, as well 
as in possible follow-on applications of 
their principles. 

The SNAP (Systems for Nuclear Auxil- 
iary Power) Project is-of considerable in- 
terest in that it is directed toward produc- 
ing electrical power at the opposite end of 
the power scale from that usually associ- 
ated with nuclear power. SNAP 3 de- 
veloped by the Nuclear Division of The 
Martin Co. as prime contractor has re- 
cently been publicized as a_ successful 
small electrical generator using the energy 
of decay of radioisotopes. The Atomics 
International Division of NAA is serving 
as prime contractor for small compact core 
reactor-powered systems. Power units 
of these types appear particularly attrac- 
tive for powering remotely operating in- 
strumentation and communication equip- 
ment, offering better power to weight 


ratios than batteries for greatly extended 
periods of time. For the radioisotope 
systems considerable work is being done 
on conversion systems to increase effi- 
ciency. 

Both ROVER and PLUTO, the former 
a project to demonstrate the feasibility 
of nuclear-powered rocket engines and 
the latter of ram-jet engines using nuclear 
reactors, have been under way for about 4 
years and will be tested at special facilities 
now being contracted at the AEC’s 
Nevada Test Site. Reactors for both will 
require very high temperatures and high 
heat fluxes to attain attractive perform- 
ance levels, and therefore considerable 
work in materials development problems 
and other related fields is currently being 
accomplished. KIWI-A, the first experi- 
mental reactor in the ROVER project, is 
scheduled to begin power operation shortly. 
The 300 per cent performance improve- 
ment expected from nuclear rocket engines 
over that of chemical power plants serves 
as a powerful justification for the extensive 
efforts of the ROVER program. Similarly, 
the globe-girdling range with a large pay- 
load, which the nuclear ram-jet would offer 
a supersonic cruise bombardment missile, 
emphasizes the requirement for the 
PLUTO project. While a high-tempera- 
ture critical facility, appropriately named 
HOT BOX, is already in operation as part 
of this program, the first experimental 
reactor TORRY II is behind the KIWI- 
A, being now in the design stage. As in 
the ROVER program, materials develop- 
ment programs receive considerable em- 
phasis in the PLUTO project. 

Very evident was the contrast between 
Colonel Armstrong’s presentation and 
that of Col. William A. Tesch on manned 
nuclear-powered aircraft. In the latter 
program, much of the work is directed 
toward solution of the problems related to 
having human beings in the machine, 
including shielding, ‘‘human engineering,”’ 
and airframe and equipment design as- 
pects of long flight durations, as well as 
the long service life desired of the airframe 
while subjected to radiation effects. 

Based on the unique characteristics 
with respect to range and low altitude 
performance, the most attractive Air 
Force application is the CAMAL (con- 
tinuous airborne alert, missile launch 
and low-level penetration) system. Also 
attractive are applications in AEW, ASW, 
patrol, and logistics. With Air Force and 
AEC programs dating back to 1946, the 
elaborate test facilities used by G-E at the 
National Reactor Test Station in Idaho 
and Pratt & Whitney at the Connecticut 
Aircraft Nuclear Engine Laboratory (CA- 
NEL) are well developed; considerable 
work has been done at the former on di- 
rect-cycle air systems and at the latter on 
the more basic, larger range program for 
indirect-cycle heat exchanger systems— 
those two systems being of primary in- 
terest for aircraft applications. 

In addition to studying the general de- 
sign concepts of nuclear-powered aircraft, 
considerable work has been done in inves- 
tigating detailed problems. Much of this 
work involving radiation has been done in 
the Nuclear Aircraft Research Facility 
(NARF) at Convair, Fort Worth. Elec- 
tronic, electrical, and mechanical equip- 

(Continued on page 114) 
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THE WORLD’S MOST CAPABLE MONITORS... 


) in the air... | 
on the ground... 
in space 


Weston brings matchless experience to the 
development and production of instruments, 
components and systems of proved reliability 


Please direct your inquiries to the Weston repre- 
sentative nearest you... or write to Weston Instru- 
ments Division of Daystrom, Inc., Newark 12, N. J. ™ 


In Canada: Daystrom Ltd., 840 Caledonia Road., e 
j Toronto 19, Ont. Export: Daystrom Int’l., 100 a 
Empire St., Newark 12, N. J. ae 


WORLD LEADER IN MEASUREMENT AND CONTROL 
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NAVIGATION INSTRUMENTATION ¢ ENGINE INSTRUMENTATION ¢ sie 
ATTITUDE AND CONTROL INSTRUMENTATION * COMMUNICATIONS Pe 
INSTRUMENTATION ¢ COMPUTING EQUIPMENT * GROUND SUPPORT 
EQUIPMENT * SOLID STATE DEVICES * MINIATURIZED ASSEM- 
BLIES * TELEMETERING INSTRUMENTS * PROJECT MERCURY 


A DAYSTROM UNIT 
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WHITTAKER 
SPHERICAL 


PLUG 
VALVES 


RELIABILITY—PLUS UNLIMITED SCOPE FOR FLUID-FLOW CONTROL 

These compact valves afford split-second control in high pressure and eryogenic flow systems. 

| Whittaker’s spherical plug construction provides the efficiency of “straight-through flow” 
with negligible pressure drop—almost constant low operating torque regardless of pressure 
... for unlimited advantages of flow control! Available in a wide range of sizes, each valve is 
designed to customer specifications — may be actuated manually, pneumatically, hydrau- 
lically, or electrically. Since 1955, Whittaker Spherical Plug Valves have been produced in 
quantity for both missile and aircraft applications—let Whittaker engineers help you with 
your design problem. Write, wire, or phone. 


Time-proven Reliability 


WHITTAKER CONTROLS 
In Hydraulic-Pneumatic-F uel Controls C DIVISION OF TELECOMPUTING 
CORPORATION 


BRANCH OFFICES: New York, Dayton, Seattle, Wichita, Atlanta 915 N. Citrus Ave., Los Angeles 38, Calif. » HO 4-0181 
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DATELIN 


Chinese Communists 
Growing Industrially 


@ The Chinese Communist ‘big leap 
forward” in industrialization apparently 
involves not only the acquisition of 
equipment from abroad but also the de- 
velopment of the ability to make their 
own production equipment. While they 
seem to be concentrating on heavier in- 
dustrial equipment, there is increasing 
evidence of Chinese-made machine tools 
and equipment of a fairly sophisticated 
nature. 

As an example of Chinese-built heavy 
equipment, the December, 1958, issue of 
China Reconstructs (official Chicom Eng- 
lish-language periodical, published in 
Peiping) shows a 2,500-ton forging press, 
of the open-die type used in manufac- 
turing parts for big equipment. The 
press, designed with the help of Soviet 
experts, was completed in September, 
1958. Two more presses are said to be 
under way now, and a 12,000-ton unit is 
planned for 1959. The press was de- 
signed and presumably built at the Shen 
Yang Heavy Machinery Plant. 

One observer has commented that 
such heavy press production, by pro- 
viding Communist China with the cap- 
ability for constructing even larger 
presses and heavy equipment compo- 
nents, will give great impetus to the 
country’s overall technological advance- 
ment. 

The same issue of China Reconstructs 
shows a part for a 5,000-ton press being 
made in Leningrad for China. It also 
states that Soviet workers in Moscow, 
Kiev, Leningrad, Chelyabiner, and 
Stalino have been working ‘‘day and 
night”’ on China's behalf. 


Solution Believed Found 
to Bearing Design Problem 


@ Designers of the Ka-15 helicopter ap- 
pear to have solved a_bearing-design 
problem which continues to plague most 
other helicopter manufacturers. The 
hinge bearings of a helicopter are highly 
loaded, and operate continuously in an 
oscillating motion rather than complete 
rotation. This severe loading limits 
these bearings to a life of about 200 
hours. 

According to the Soviet journal Civil 
Aviation, the axial thrust bearings of the 
Ka-15 rotor now incorporate a dural- 
umin separator, to which rotary motion 


is imparted by the eccentric location of 
the bearing rollers. The separator then 
moves the bearing continuously in one 
direction, somewhat like the action of an 
eccentric cam-driven valve of a gasoline 
engine. Failure of these bearings pre- 
viously occurred in 20 to 30 hours of op- 
eration. Bearings incorporating the ro- 
tators are said to be in good condition 
after 1,000 hours of operation. 


New Process Developed 
for Polyethylene Production 


@A US.S.R. technical magazine has 
announced a new method for producing 
polyethylene. According to the item, 
the method, which does not require high 
pressures or a mixture of catalyzers, in- 
volves the action of an electromagnetic 
field of ultra high frequency. 

In the new process, the account ex- 
plains, ethylene is placed in a reactor 
where it is diffused. When it reaches 
the top of the reactor, it is exposed to the 
action of an ultra high frequency electro- 
magnetic field which results in polymeri- 
zation. 

A new installation at Tashkent is 
given credit for the development. 


Leningrad Institute 
Develops Superior Polystyrene 


@ The Leningrad Institute of High Mo- 
lecular Weight Compounds has an- 
nounced the development of a new 
type of polystyrene which is stronger 
than aluminum and half as heavy. 

In contrast to the usual polystyrene, 
which withstands temperatures only up 
to 80°C., the new product (achieved by 
introducing bromine and chlorine atoms 
into styrene molecule) reportedly with- 
stands temperatures up to 120°C. 

The addition of luminescent materials 
produces plastics for geophysical and 
other types of instruments, with work- 
ing principles based on their sensitivity 
to radioactivity. 


Lunar Volcanic Eruption 
Held “Extremely Doubtful” 


@ Dr. N. A. Kozyrev, Soviet astronomer 
who is credited with past discoveries 
about the moon and Venus, has reported 
that on November 3 he observed, 
through the 50-in. telescope of the 
Crimean Observatory, what appeared to 
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be a volcanic eruption on the moon. In 
view of certain established facts con- 
cerning lunar phenomena, Dr. Kozyrev’s 
claim is extremely doubtful. 


Kozyrev is by no means the first as- 
tronomer to believe that he has seen 
such changes. In view of a certain 
amount of evidence that Linné, a deep 
crater with a diameter of 6 miles, was 
seen more than a century ago, Schmidt 
at Athens was unable to see it in 1866. 
Yet it has been identified by others 
since that time as a shallow bright area. 
Moreover, W. H. Pickering, a few 
decades ago, reported certain periodic 
changes taking place within several 
craters—particularly, inside the large 
crater Eratosthenes. As reported also 
by Kozyrev, Pickering observed changes 
in color and outline at various points of 
the floor and inner wall of this crater 
and suspected small clouds of water 
vapor. 


The facts remain, however, that the 
moon has essentially no atmosphere, if 
any; and the effects of solar glare must 
be immense. Pettit and Nicholson, for 
instance, observed ranges of tempera- 
ture from —243° to +214° F. Effects 


of the solar glare and temperature — 


changes, including those produced by 
changing heights of the sun in the lunar 
sky, will readily account for most, if not 
all, of the changes observed on the moon. 


New Kinds of Glass 
Are Produced by Soviets 


@ The Byelorussian Polytechnical In- 
stitute has reportedly produced a new 
type of glass which has a melting point 
between 1,500° and 1,550° C. (ordinary 
glass melts at 900° to 1,000°C.) and is 
unaffected by abrupt changes in tem- 
perature. 


Another new type of glass from this 
laboratory melts at 200°C., it is said, 
and can be welded with aluminum, mag- 
nesium, and other low-melting metals 
and alloys. Low-melting glass can 
serve as an excellent coating in the pres- 
sure treatment of low-melting metals 
and alloys, and preserves them from 
corrosion. 


Varieties of glass with a high index of 
refraction have also been developed at 
this U.S.S.R. institute, according to the 
Moscow news release. 
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AUDITED READERSHIP SURVEY 


Based on the early returns of 4,136 cards, here are the fields | 
of interests of IAS members, and an indication of how they read Sp, 

AERO/SPACE ENGINEERING 
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EDITORIAL 


An Appreciation—and a Promise 


One of the best ways to find out what people want is 
to ask them. This is exactly what we have been doing 
in the past several months. 

The Institute has two principal means of conveying 
useful information to its members: (1) through its 
meetings, national and local; and (2) via its publica- 
tions. 

So, in order to update our working knowledge of 
member thinking with respect to these two important 
communication channels, we have made the two sur- 
veys with which you are familiar: (a) the Professional 
Interest Survey as a guide for meeting program plan- 
ners, and (b) the Readership Survey to give our editorial 
people an indication of what AERO/SPACE ENGINEERING 
readers need and want. 

The results of both polls have been most gratifying 
and are yielding results far beyond our expectations. 
The Professional Interest Survey forms are still pouring 
in and are in the process of tabulation. Many of those 
who returned the forms took the opportunity to make 
comments and suggestions in the space provided. Be- 
fore being fed into the tabulating systems, all forms 
bearing comments were segregated, read, and analyzed 
by the Director and key staff members. Much useful 
information has been extracted in this way. 


The AERO/SPACE ENGINEERING Readership Survey 
cards are still coming in also, but, in order to get a 
cross section of expressed opinion, we packaged up the 
first 4,000-odd cards received and turned them over to a 
firm of professional auditors* for analysis. The sta- 


* Harris, Kerr, Forster & Co., New York, N.Y. 


ged! 


the 


tistical results are shown on the page opposite. The 
returns give strong indication that authoritative tech- 
nical articles, written by engineers and scientists en- 
gaged in research and development, are “‘most useful.” 
Reviews and Abstracts are also clearly of great value to 
many members. Note also that (1) 992 out of every 
1,000 persons who receive AERO/SPACE ENGINEERING 
read the magazine and find it useful, (2) more than 50 
per cent of readers retain their copies for further refer- 
ence, and (3) about 25 per cent pass along A/SE for 
their associates to read. The auditors pointed out 
that ‘‘high reader interest’’ and a ‘‘shelf life’ of ex- 
ceptional duration were indicated by these figures. 

Analyzing the ‘Job Title” returns we find that our 
readers consist largely of Directors of Engineering, 
Chief Engineers, Department Heads, Project Managers 
and Supervisors, Designers, Research Engineers, Con- 
sultants, Engineering Draftsmen, and technical per- 
sonnel, as well as chief executives of the Aero/Space 
Industry and their ‘‘opposite numbers”’ in Government 
and in the military services. 

So, this readership survey now becomes history— 
except for its implementation. 

Our promise is that our readers will get what they 
have asked for. On the basis of their own scoring, 
AERO/SPACE ENGINEERING will continue to publish 
exclusive high-quality technical articles in the profes- 
sional fields of interest of IAS members, backed up 
with Reviews and Abstracts of currently available 
technical reports and articles from all over the world. 

The results of the survey can be construed only as a 
mandate from A/SE readers to continue ahead at 
“flank speed.’’ Our sincere thanks to all who partici- 
pated. 
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with full utilization of the current state-of-the-art. 
to be realized with such an aircraft are quile substantial 


with nonafterburning turbojet engines.” 
than current subsonic jet transports. 


- TECHNICAL feasibility and economic 
soundness of a supersonic transport airplane have been 
subjects of considerable interest in recent months. 
The Lockheed Aircraft Corporation has devoted a 
great deal of design study, analysis, and wind-tunnel 
and laboratory testing to this subject and _ believes 
that such an aircraft is imminently feasible. Major 
progress in the aerodynamic, propulsion, and structural 
design research areas, together with thousands of 
hours of supersonic flight experience, are showing 
the way to more efficient flight at high supersonic 
speeds than is now possible subsonically. The once 
talked of transonic “performance plateau’ for economic 
transport operation is being placed into perspective as 
only one more area in the continuing technical evolu- 
tion of higher performance aircraft. 


Selection of Cruise Speed 


The first topic of importance in the design of a 
supersonic transport is the selection of cruise speed. 
Some of the more salient considerations affecting this 
selection are summarized in Fig. 1. The maximum 
attainable lift-drag ratio suffers a severe loss at tran- 
sonic speeds and then remains relatively constant 
at approximately 35 per cent of the subsonic value. 
The minimum attainable specific fuel consumption 
for nonafterburning turbojet engines is relatively 
constant at subsonic speeds, but increases at supersonic 
speeds, such that at Mach 3.0 it is approximately 75 
per cent higher than the subsonic value. The cruise 
Mach Number, lift-drag ratio, and s.f.c. may be grouped 
to form a cruise efficiency parameter, \/(L/D)/s.f.c., 


A condensed version of the authors’ paper of the same title 
presented before the Supersonic Transport Session, IAS 
National Summer Meeting, Los Angeles, June 16-19, 1959. The 
complete work is available as IAS Paper No. 59-119 through the 
the IAS Special Publications Dept. 
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and indicate ample justification for the required investment. 
The most desirable speed for this vehicle is between Mach 3.0 and 3.5 
Its size will be smaller 


It is concluded that the supersonic transport is imminently feasible 
in that all technical and operational factors may be successfully treated 
The profits 


The Case for the Supersonic Transport 


Hall Hibbard, FIAS, and Robert A. Bailey, MIAS 


Lockheed Aircraft Corporation 


which is related to the fuel economy of the aircraft. 
The variation of this parameter with cruise Mach 
Number is also shown in Fig. 1. It is to be noted 
that a pronounced peak occurs in the Mach 0.8 to 0.9 
region. This is the area which is presently being 
exploited by subsonic jet transports. The parameter 
drops sharply at transonic speeds such that cruise 
between Mach 1.0 and 2.0 is clearly unattractive. 
It gradually increases in the supersonic speed regime 
until reaching the limits imposed by the state-of-the 
art in turbine-engine design. It is interesting to note 
that at Mach 3.0 the value of this efficiency parameter 
is greater than at Mach 0.8. 

These facts provide the aerodynamic and propulsive 
basis for an economically feasible supersonic transport. 
However, consideration of the remaining factor in 
the Breguet range equation—the aircraft weight ratio— 
reveals two supersonic areas of design interest. First, 
an aircraft cruising at approximately Mach 2.4 has 
reasonable cruise efficiency and could be built with 
conventional aluminum structural design and fabrica- 
tion techniques with an attractive weight ratio. Sec- 
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Fic. 1. Cruise efficiency. 
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Mr. Hibbard is a Senior Vice-President and 
Vice-President—Engineering of the Lockheed 
Aircraft Corporation. A native of Kansas, he 
received a Master of Science degree from 
Massachusetts Institute of Technology in 1927, 
and began his aviation career with the Stear- 
man Aircraft Co. In 1932 he joined Lockheed, 
and became Vice-President and Chief Engi- 
neer in 1933. He has played a leading role 
in the development of all Lockheed airplanes 
since the original Electra. Mr. Hibbard re- 
ceived the President’s Certificate of Merit 
Award in 1947. He is a Past President and 
Fellow of the IAS and a Fellow of the RAeS. 


Jean Raeburn, N.Y. 


Mr. Bailey has been with Lockheed for more 
than 21 years and became Chief Engineer of 
the California Division in 1958. A native of 
Montana, he attended the University of Cali- 
fornia and graduated from the Curtiss-Wright 
Technical Institute in 1937. Mr. Bailey was 
project engineer on Lockheed's Truculent 
Turtle, the P2V which in 1946 set the still un- 
broken nonrefueled distance record of 11,236 
statute miles from Perth, Australia, to Columbus, 
Ohio. He organized the industry's first 
military operations research organization at 
Lockheed in 1948. Mr. Bailey is a Member of 
the IAS, the SAE, the Soaring Society of 
America, and the Operations Research Society 
of America. 


ond, an aircraft cruising between Mach 3.0 and 3.5 
has higher flight efficiency and block speed, but requires 
use of materials of higher temperature capability. 

A detailed design study has been made, therefore, 
between two completely comparable supersonic trans- 
ports—one with a cruise speed of Mach 2.4, and the 
other with a cruise speed of Mach 3.0. The develop- 
ment and initial costs of the higher speed aircraft are 
found to be approximately 23 per cent greater than 
that of the lower speed aircraft as a result of the more 
complicated tooling requirements and other engineering 
and development costs. The take-off weights of the 
two airplanes are almost identical for equal payload 
and range. 

Despite the somewhat higher development and 
initial costs of a Mach 3.0 vehicle, neither of these 
factors provides an adequate basis for selection of 
optimum cruise speed. A more suitable factor is 
that of direct operating cost in cents per seat-mile. 
The direct operating cost includes all significant factors 
and balances initial costs against the effects of block 
speed to provide one comprehensive measure of air- 
plane operating efficiency. The study results show 
that the Mach 3.0 aircraft possesses a 5 per cent 
advantage in direct operating cost. This occurs 
because the 16 per cent higher block speed and the 
improved fuel economy overcome the higher initial 
cost. Although the Mach 2.4 aircraft benefits from 
previous experience, it admits no possibility of future 
growth in speed. The Mach 3.0 airpiane utilizes 
stainless steel and titanium construction and_ will 
inherently possess ‘“‘stretch’’ to accept improved 
engines over a useful service life. 

In summary, the lower direct operating cost, the 
improved block speed, and the long-term growth 
potential of the Mach 3.0) aircraft over one at the 
upper limit of aluminum-alloy construction leave 
little reason for further consideration of a design 


cruise speed less than Mach 3.0. Flight at speeds 
higher than Mach 3.5, while feasible from the technical 
standpoint, will not be of practical interest until a 
program is initiated to develop an engine suitable for 
commercial transport application. 


Design Considerations 


Among the most important design considerations for 
a Mach 3.0 to 3.5 aircraft are configuration and pro- 
pulsion system selection, structural design, and cooling 
problems. Configuration selection is made with the 
primary objective of realizing high lift-drag ratios. 
The fundamental wing-fuselage arrangement, the 
power-plant installation, the fuselage forebody design, 
and the resolution of the trim drag problem must all 
be given careful consideration to realize this objective. 
It is interesting to note that wind-tunnel testing shows 
that the simple trapezoidal or delta wing-body combina- 
tion realizes lift-drag ratios which are competitive or 
superior to more sophisticated approaches. Highly 
swept, twisted and cambered wings, tandem wing 
arrangements, and cone-delta arrangements either 
offer no improvement in lift-drag ratio or are inferior 
in landing and take-off characteristics. 

A variety of power-plant installations are competitive 
from the drag standpoint, as shown in Fig. 2. These 
include the four abreast arrangement, the twin-engine 
nacelle arrangement, and the strut-mounted pod 
arrangement. Others, such as the armpit configura- 
tion, can cause large drag penalties. Inasmuch as 
several installations are attractive from the drag 
standpoint, selection can be based on other technical 
and operational features. These include propulsion 
system design characteristics, as well as sonic fatigue, 
flutter, engine accessibility, and ease of maintenance. 

Fuselage forebody design has the primary objective 
of providing the pilot with adequate visibility in all 
flight conditions. At supersonic speeds, however, 
conventional canopy design results in an extremely 
high drag penalty. Therefore, a comprehensive de- 
velopment program must consider the possible use of 
an aerodynamically clean forebody relying upon 
alternative means of providing visibility and upon 
advanced aerodynamic means of reducing the drag of 


FOUR ABREAST TWIN-ENGINE NACELLES 
~-0.42 (4) -0.57 


STRUT-MOUNTED PODS ARMPIT 
ACH -0.55 ACA) 


Fic. 2. Power-plant installations. 
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Fic. 3. Compression panel tests. 


conventional windshields. Visibility is of greatest 
importance during low-speed phases of flight such as 
take-off, climb, descent, and landing, thus introducing 
the possibility of a variable geometry forebody. In 
this solution to the drag problem, auxiliary means of 
viewing would be provided for cruise. On the other 
hand, considerable progress has been made toward 
elimination of windshield drag by use of favorable 
aerodynamic interference. The final design choice 
depends upon further design development of the 
alternatives and upon evaluation by operating per- 
sonnel. 

The magnitude of the drag penalty associated with 
providing longitudinal trim at Mach 3.0 is so great 
that the entire aircraft configuration is affected. 
Conventional tail-aft and tailless arrangements are 
possible, but the trim drag penalties are virtually 
prohibitive. The canard arrangement appears to 
offer the best solution to this trim drag problem. 
In any case, center of gravity travel must be held to a 
minimum while attaining normal loading flexibility. 
The canard arrangement also results in the highest 
maximum lift and minimum take-off and landing 
speeds. 

Both afterburning and nonafterburning engines may 
be employed on a supersonic transport. A comparative 
analysis of two designs having the same range and 
payload and based upon finite numbers of actual 
engines was made. The configurations utilized three 
afterburning and four nonafterburning engines, re- 
spectively. Results showed the afterburning aircraft 
to have an § per cent higher gross weight, 6 per cent 


-higher direct operating costs, and 14 per cent longer 


take-off distance because of engine failure considera- 
tions. In addition, noise and maintenance will be 
inferior for the afterburning type. It is concluded 
that the nonafterburning engine is clearly superior for a 
transport aircraft. 

A variety of structural design techniques are available 
for the Mach 3.0 aircraft. The two most interesting 
are the conventional skin-stringer and honeycomb 
structures. Structural design must consider, in addi- 
tion to the usual strength-weight considerations, 
fatigue characteristics, development and fabrication 
costs, and inspection and maintenance characteristics. 
On the basis of these considerations, the relatively 
conventional skin-stringer design was selected for most 
primary aircraft applications. Honeycomb design is 
attractive for several special-purpose applications. 
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Extensive analytical studies and destruction tests of 
stainless steel and titanium specimens, such as those 
shown in Fig. 3, have produced excellent results in 
verifying anticipated strength characteristics and 
retaining good load-carrying ability after initial 
failure. 

The large aerodynamic heating load in the cruise 
flight condition attaches great importance to the air- 
conditioning system. Comparative design studies in- 
dicate that an optimum system may be designed to 
the same percentage of gross weight as the Lockheed 
Electra system despite the large heat loads. Labo- 
ratory testing has shown cabin wall cooling to be much 
less difficult than anticipated, and the overall cooling 
system shows promise of excellent reliability and 
reasonable maintenance. 


Operational Problems 


A casual consideration of the operating charac- 
teristics of a supersonic jet transport may seem to 
pose a significant number of potential problems. 
Detailed investigation reveals, however, that none of 
these problem areas is as serious as superficial examina- 
tion indicates. 

As an example, the high thrust to weight ratio of the 
supersonic transport results in excellent take-off 
performance. The CAA landing distances, therefore, 
will establish operating field lengths. Hot-day charac- 
teristics, consequently, are not so critical as those of the 
subsonic transport. Current estimates further indicate 
comparable or reduced field length requirements 
compared to the subsonic jet types. Take-off and 
landing speeds of the supersonic jet will be comparable 
to those of the subsonic jet. The lower maximum 
lift coefficient of a thin, low aspect ratio supersonic 
wing is compensated by the relatively low wing loading, 
of the order of 40 to 50 psf, required for optimum 
cruise at Mach 3.0 to 3.5. This wing loading compares 
to approximately S80 psf for current subsonic jets. 
Landing approach and touchdown speeds, for example, 
are 150 to 160 knots and 120 to 130 knots, respectively. 
These are similar to those currently used by subsonic 
jet types. 


SUPERSONIC JET 
NO SUPPRESSOR 


SUBSONIC JET 
WITH SUPPRESSOR 


ALTITUDE ~ 1000 FT. 


GROUND DISTANCE ~ 1000 FT 


Fic. 4. Climb paths and community noise. 
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Fic. 5. Design speed. 


Engine Noise 


The airport noise problem has been of great concern 
in the case of the subsonic jet transport, and it will 
be of similar concern for a supersonic type. How- 
ever, the supersonic jet transport, having a much 
steeper climb-out path, may well demonstrate reduced 
noise levels. Fig. 4 shows community noise levels in 
the plane of the flight path as measured for a subsonic 
jet transport with a suppressor compared with esti- 
mated noise levels for a supersonic jet transport with- 
out a suppressor. In close proximity to the two air- 
craft on the ground, the noise level of the supersonic 
jet transport is higher primarily because of the higher 
thrust level. But the supersonic jet transport generates 
lower community noise levels beneath the climb-out 
path because of its greater altitude. The addition of a 
noise suppressor would make the comparison more 
favorable to the supersonic aircraft. It may be possible 
to eliminate a noise suppressor from the supersonic 
transport, thus providing important gains in _per- 
formance. 


Sonic Boom 


The sonic boom has been a significant community 
relations problem for current supersonic military 
aircraft. It therefore becomes a design and operating 
consideration for a future supersonic transport. This 
problem will be of most concern during climb and 
descent, and must be treated in conjunction with the 
other factors influencing the selection of design and 
operating speeds. Fig. 5 illustrates some factors 
affecting the selection of climb and design speeds. 
This figure shows areas in which sonic boom effects 
are rated as “‘damage,”’ “objectionable,” and “‘toler- 
able’ by the NASA. In addition, the speed above 
which design gust velocity will produce more than the 
design maneuver load factor of 2.5g is shown for a 
particular airplane configuration of interest. Cruising 
flight between 60,000 and 80,000 ft. altitude is well 
outside of regions in which objectionable sonic boom 
and gust loads exist. 

Two representative climb and acceleration paths 
are shown in Fig. 5. Path A penetrates areas of 


excessive sonic boom and gust load factor during climb. 
Alternative Path B of Fig. 5 reduces the effects of 
gust load and flutter on structural design and, in 
addition, remains outside of regions of flight where the 
sonic boom is ‘‘objectionable.’’ Path B is shown to 
result in a design having less airframe weight and 
block fuel than one resulting from Path A with only a 
slight increase in block time. In view of these benefits, 
moderate design airspeeds at low altitude are preferred. 
Furthermore, descent studies show that such design 
airspeeds are satisfactory. 

While additional information is required relative to 
the intensity of sonic boom effects and their control, 
these results do show that the problem may be con- 
trolled to a reasonable degree by design and operating 
procedures. 


Operating Economics 


An extensive study of operating economics was 
undertaken in conjunction with the technical develop- 
ment program to establish the feasibility of the super- 
sonic transport and determine the optimum size of the 
vehicle. Initial results on direct operating costs as a 
function of aircraft size are presented in Fig. 6. The 
results are of great interest in that seat-mile operating 
costs are fully competitive with or improved over 
those of subsonic jet transports. 

In common with other studies of this type, Fig. 6 
shows that the largest vehicles provide the lowest 
seat-mile costs. However, too great an increase in 
aircraft size may lower load factors on certain routes 
and reduce schedule frequency. Thus, flexibility 
and earning power may be jeopardized. Therefore, 
the time-honored ATA formula for judging operating 
economics may prove inadequate for the supersonic 
transport. An alternative criterion, such as return on 
investment, appears to be a more basic measure and 
was intensively investigated. 

The flight operations of nine airlines were analyzed 
in detail. These include three international carriers, 
three domestic carriers, and three foreign carriers. 
While the results of these studies are extremely inter- 
esting, it was felt to be more prudent to present the 
results in terms of a hypothetical airline formed by 
combining operations of one international, one do- 
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Fic. 7. Route structure, hypothetical airline 


mestic, and one foreign carrier. Such a composite 
structure was chosen to reflect both the advantages 
and disadvantages of individual route types. The 
resulting route structure in Fig. 7 consists of those 
routes which the analysis showed to be suitable for a 
supersonic transport. The remaining route sub- 
structure was carefully investigated to ensure its 
suitability to subsonic jet and prop-jet types. 

Three different sizes of supersonic transport air- 
craft were applied to operation of this route structure 
one in the 60-S0 passenger class, one in the 110-130 
class, and one in the 16'}180 class. The actual 
individual airline point-to-point total traffic was 
extrapolated to 1965 as shown subsequently in Fig. 
10 and was used to size a fleet. Complete actual time 
tables were worked out. The interstation 1965 
traffic level was modulated according to flight fre- 
quency as discussed in the following paragraphs. 

Typical flight frequencies over representative ele- 
ments of the route structure are presented in Fig. 8 
for the three sizes of aircraft. In the case of the large 
160-180 passenger transport, certain flight segments 
such as Bangkok-Karachi require only one flight per 
week to handle the available traffic. In this circum- 
stance it is difficult to see the advantage of the super- 
sonic transport to the air traveler. A_ statistical 
study was undertaken, therefore, to establish the 
effect of flight frequency on passenger traflic. The 
results display significant sensitivity of the total 
traffic to frequency of service. In this study a very 


.conservative 20) per cent increase in traffic for an 8‘) 


per cent increase in flight frequency was assumed. 

The results of this study are presented in Fig. 9. 
The highest utilization was demonstrated by the 
smallest aircraft. A significant factor affecting utili- 
zation is that the larger airplanes require more time at 
en route stops and turnaround points to load, unload, 
and perform necessary service operations. In addition, 
since larger airplanes mean smaller fleets, the flexibility 
necessary for ticket scheduling is not so good as it is 
in the case of the smaller aircraft, and a larger per- 
centage of the total fleet is required for overhaul and 
stand-by. 

In view of the known variations in traffic for various 
seasons of the year and days of the week, a ground rule 
of the study was to limit average load factors to not 
more than 70 per cent over individual route segments 
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but to attempt to attain a load factor greater than 60) 
per cent for the entire route structure. The results 
show that the larger airplanes cannot be scheduled to 
attain as high a load factor as the smaller airplanes. 
The average load factor ranged between 64 per cent 
for the small aircraft to 54 per cent for the large air- 
craft. 

Total revenues in Fig. 9 decrease with increasing 
size of aircraft. This results from the effect of flight 
frequency on traffic and from the necessity to curtail 
the route structure for the larger aircraft to maintain 
load factors at reasonable levels. Total costs also 
decrease for the larger aircraft, but not at the same 
rate as total revenues. The relative profit on invest- 
ment consequently is appreciably higher for the smaller 
aircraft. 

In summary, the smaller supersonic transport 
appears most attractive from the standpoint of op- 
erating economics when a complete airline route 
analysis is made, despite the fact that a simple compar- 
ison of direct operating costs might indicate the op- 
posite. For this reason, direct operating cost per seat- 
mile appears to be an inadequate criterion for selection 
of supersonic transport size. In addition, the profits 
for the supersonic transports shown in these analyses 
are quite substantial and indicate ample justification 
for investment in this type of vehicle. 


Capital Financing 


The time of introduction of the supersonic transport 
into service has been the subject of numerous specula 
tions. While there is substantial difference of opinion 
on this subject, the issue will be decided in view of the 
requirements of military and commercial users and 
their ability to finance such a program. 

The level of military support for such a program 


ROUND TRIPS PER WEEK 


| 
NUMBER OF PASSENGERS 118-130 | (160-180 
FRANKFURT-NEW YORK 28 14 10 
4 
BANGKOK-KARACHI 4 2 1 
NEW YORK-CARACAS 8 4 3 
LONDON-NEW YORK 42 21 14 


Fic. 8. Flight frequency, hypothetical airline. 


NUMBER OF PASSENGERS kee 160-180 

DAILY UTILIZATION — HRS. | 81 | 78 7.0 

LOAD FACTOR —% | 637 | 569 54.0 

RELATIVE TOTAL REVENUES | 1.00 | 80 64 
| 

RELATIVE TOTAL COSTS 1.00 | 83 | 76 

| 
RELATIVE RETURN ON INVESTMENT 1.00 65 | 06 


Fic. 9. Operational and economic factors, 
hypothetical airline. 
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Fic. 10. World passenger traffic. 


depends in part on whether or not a prime military 
mission is established for some derivative of this vehicle. 
It should be noted, however, that, even in the absence 
of such a mission, the vehicle is desirably suited to 
meet a variety of military objectives of all three services 
in an era in which brushfire wars and other considera- 
tions dictate a need for rapid reaction and flexibility. 
The favorable operating economics of the vehicle and 
the substantial improvement in block time result in 
an obvious application as a high-speed logistics carrier 
in both peace and war. While this vehicle will not 
satisfy all requirements as a logistics carrier, its ability 
to meet a large percentage of these requirements is 
evident. Other applications to military purposes 
include reconnaissance missions and special air missions. 
These possible applications would indicate the desir- 
ability for serious consideration of substantial military 
support for this program. 

In contrast to past experience, the commercial 
picture may be somewhat clearer than the military 
picture in that the level of commercial traffic can be 
prognosticated with fair reliability on the basis of 
past experience. Some of these considerations are 
shown in Fig. 10. The total free world common 
carrier traffic is extrapolated on the basis of the as- 
sumption of an increase of 2 per cent per year. Total 
air traffic is predicated on the fact that the air travel 
penetration of the total market has risen from 10 to 
50 per cent in the last 14 years and is expected to 
increase to 70 per cent by 1975. The subdivision of 
air traffic between turbojets and other types is based 
on the route analyses which were previously discussed. 
This figure shows that jet aircraft may be expected to 
handle 63 per cent of total air traffic by 1975. 

The further subdivision of turbojet passenger traffic 
into that best handled by subsonic and supersonic 
jets, respectively, is also established by the route 
analyses previously discussed. These analyses indicate 
that 47 per cent of jet traffic can be handled by super- 
sonic jet transports in 1975, if a program is initiated 
at the proper time. The study further shows that the 
expected volume of traffic would support a supersonic 
transport commencing operation in 1965. 

Capital requirements to support the fleet necessary 


to handle the estimated traffic are presented in Fig. 
11. It should be recognized that the required capital 
shown reflects the actual cost of aircraft for which 
payment is made on the average of 3 months prior to 
delivery, not withstanding the fact that loan comit- 
ments may be made as early as 1 to 3 years prior to 
delivery. An estimate of the capital available to the 
airlines through current holdings, depreciation of 
current equipment, and retained earnings is also 
presented in Fig. 11. This consideration of required 
and available capital funds shows that, if a supersonic 
transport fleet were to commence operations in 1965, 
the magnitude of outside financing required would be 
less than that required for current financing of the 
subsonic jet fleet. In addition, the relative percentage 
of outside financing for such a fleet would be sub- 
stantially lower because of the augmented capital 
base of the airlines at that time. 


Conclusions 


On the basis of the extensive design studies, analysis, 
and laboratory testing already completed (and more 
fully described in the complete version of this paper), 
it is concluded that the supersonic transport is im- 
minently feasible in that all technical and operational 
factors may be successfully treated with full utilization 
of the current state-of-the-art. The most desirable 
speed for this vehicle is between Mach 3.0 and 3.5 
with nonafterburning turbojet engines. This speed will 
result in the most economical aircraft when all factors 
are considered, and will deliver an aircraft which pos- 
sesses adequate growth potential. The size of this 
vehicle will be substantially smaller than heretofore 
indicated and, in fact, smaller than comparable sub- 
sonic jets. This will result in improved returns on 
investment, simplification of airline operating prob- 
lems, greater flexibility, and minimization of airport 
noise and the sonic boom. The usual direct operating 
cost comparison which tends to favor the larger vehicle 
contains numerous oversimplifications in the case of 
the supersonic transport which subvert significant 
factors. The profits to be realized with a supersonic 
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Fic. 11. Financial feasibility. 
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“It appears thal, while the far field conditions are dependent 
to a large degree on the normal area distribution, 

they are also sensitive to model attitude 

for bodies that depart greatly from axial symmetry.” 


A Wind-Tunnel Investigation of Some Aspects of the 


Supersonic Boom 


ma SUPERSONIC BOOM, which was first 
recognized only as an interesting, though unexplained, 
physical phenomenon, now poses some serious problems. 
With the development of supersonic military airplanes 
and the possibility of supersonic transports, the pre- 
viously isolated incidents may become more widespread 
and more severe. It is now generally understood that 
this annoying boom is the result of the passage over the 
ground of the shock formation associated with any body 
in supersonic flight. 

A study of the formation and propagation of shock 
fronts has been made by means of wind-tunnel tests of 
very small models made at the Langley 4-ft. supersonic 
pressure tunnel. The purpose was to investigate inde- 
pendently under controlled conditions the effects of var- 
ious airplane components for both the lifting and non- 
lifting cases. Also included as a part of these tests was 
a search for a means of decreasing the intensity of the 
boom. Typical results are shown in Fig. 1. 

The test data are for a Mach Number of 2.01. Meas- 
urements of the pressure field were made at orifices in 
the surface of a boundary-layer by-pass plate. Remote 
control of the model lateral and longitudinal position 
allowed the pressure signature to be determined at var- 
‘ious separation distances by moving the model and its 
flow field over a single orifice. 

At first glance, the models might seem to bear no re- 
lationship to airplane components, nor to each other. 
However, the first two bodies represent, respectively, 
the basic conditions of an axial and planar distribution 
of thickness. The third body was intended to test the 
possibility of shock alleviation which will be discussed 
later. Furthermore, each of the models shown here has 
the same longitudinal area development. 


A condensed version of the author’s paper entitled ‘‘The Aero- 
dynamics of the Supersonic Boom,’’ presented before the Phe- 
nomena of Transonic and Supersonic Flow Session, IAS National 
Summer Meeting, Los Angeles, June 16-19, 1959. The complete 
work is available as IAS Paper No. 59-115 through the IAS 
Special Publications Dept. 
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Mr. Carlson is employed as an aeronautical 
research engineer at the Langley Research 
Center of NASA. Since graduating from 
Virginia Polytechnic Institute in 1952 with a 
B.S. in Mechanical Engineering, he has served 
as project engineer for a number of experi- 
mental investigations at the Langley 4- by 4-ft. 
supersonic pressure tunnel. His major field of 
interest has been in flow field studies and inter- 
ference at supersonic speeds. 


Pressure coefficient has been plotted against longi- 
tudinal distance for separation distances from model 
to plate of one and eight body lengths. Although dif- 
ferences in the pressure traces are noticeable at the 
close-in position, at eight body lengths the curves are re- 
markably similar. High-intensity pressures, having a 
larger speed of propagation, tend to move forward with 
respect to the general wave, thus resulting in a linear de- 
cline of pressure. The typical far field ‘‘N-type pressure 
signature’’ is shown at eight body lengths. 

The attenuation of the pressures with distance can 
best be shown with the aid of Fig. 2. The pressure rise 
at the bow shock is plotted against separation distance. 
Data are included for two orientations of the ‘‘hatchet’’- 
shaped body and for the ‘‘equivalent’’ body of revolu- 
tion. This hatchet shape was designed to investigate 
the possibility of partial cancellation of the shock. It 
was felt that the initial expansion on the undersurface of 
the body might continue far enough into the field to re- 
act with and cancel some of the compression from other 
sources. This was not the case. Even at the closest 
measuring point, a positive rather than a negative pres- 
sure was recorded. 

However, aside from that, the important aspect of 
this figure is not concerned with any individual curve 
but rather with the trend to a common value of pressure 
rise at the larger distances. This fact should be kept in 
mind while examining the following data. 

Fig. 3 shows the attenuation of pressure with distance 
for two orientations of the wing shape and for the body 
of revolution. Here the trend to a common value of 
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pressure at the larger distances is not so evident. In 
fact, one is led to believe that axial symmetry may not 
be achieved at any distance for the wing-shaped body. 
From these data and from that shown on the previous 
slide, it appears that, while the far field conditions are 
dependent to a large degree on the normal area distribu- 
tion, they are also sensitive to model attitude for bodies 


that depart greatly from axial symmetry. This will 
be discussed more fully after the introduction of a theo- 
retical method of treating the problem. 

A method of predicting the pressure rise across the 
bow shock emanating from bodies of revolution has 
been developed by G. B. Whitham! of the University of 
Manchester. When applied in particular to a parabolic 
body of revolution, the pressure rise is given by the 
equation 


D/L 
AP = V P,P, (M? — 1)" (y/Ly 
where 
K, = reflection constant 
Kz = body shape constant — 
P, = ambient pressure at body 
Po = ambient pressure at field point 
M = Mach Number 
L = length of equivalent body 
D = diameter of equivalent body 
y = distance measured normal to the flight path 


The reflection constant for the smooth flat surface of the 
by-pass plate was assumed to be 2.0. Randall* has 
shown that, for a parabolic body of revolution, the body 
shape constant should be 0.64 as was used here instead 
of 0.53 as originally given by Whitham. The radical 
term which gives an approximation for the effects of a 
nonuniform atmosphere was also obtained from Ran- 
dall. This equation can be applied to a wide range of 
body shapes (even complete airplanes) when the proper 
equivalent body D/L is used. 

In Fig. 4 the theory is compared with measured pres- 
sure rise at the bow shock for the equivalent body of 
revolution for the hatchet and wing shape. Experi- 
mental data are also shown for a parabolic body of rev- 
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Fic. 1. Typical results of wind-tunnel tests, Mach Number 2. 
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Fic. 2. Attenuation of thickness-induced pressure with dis- 
tance, models A and C. 
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Fic. 3. Attenuation of thickness-induced pressure with dis- 
tance, models A and B. 
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Fic. 4. Comparison of theory with experiment, bodies with 
axial symmetry. 
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Fic. 5. Comparison of theory with experiment, body without 
axial symmetry. 
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Selection of Materials for 


I. HYPERSONIC FLIGHT aerodynamic 
heating considerations require that material character- 
istics, in addition to strength and weight, be considered 
in making material selections. This is particularly so 
for the leading edges of a hypersonic vehicle since this 
is one of the most intensively heated airframe com- 
ponents. Indeed, not only are temperatures high but 
the variation of heat flux with time and location gives 
rise to large nonlinear temperature gradients and to 
thermal stresses. Actual values depend on such char- 
acteristics as thermal conductivity and coefficient of 
expansion, which are as significant as material strength 
in this application. 

The purpose of this paper is to show how material 
and design considerations interrelate in a hypersonic 
leading edge, and to use these relationships to provide 
a means for selecting materials. The paper emphasizes 
applications where flight durations are long and heating 
intensities are great enough to preclude the use of con- 
ventional materials. 


Environmental Conditions 


During the life of a hypersonic aircraft, the leading 
‘edge is subjected to numerous operational conditions 
arising from handling, transport, erection, prelaunch, 
flight, and landing. Of these, flight conditions are of 
primary importance in the selection of materials. 
However, other operational conditions may influence 
detailed design. 


This research was supported in whole or in part by the U.S. 
Air Force under Contract No. AF33(616)-6034, monitored by the 
Materials Laboratory, and the Aircraft Laboratory, WADC, 
Wright-Patterson AFB, Ohio. The opinions expressed and con- 
clusions reached are those of the authors and do not necessarily 
represent the opinions of the sponsors. 

A condensed version of the authors’ paper of the same title 
presented before the Structural Design for Hypervelocity 
Vehicles Session, IAS National Summer Meeting, Los Angeles, 
June 16-19, 1959. The complete work is available as IAS 
Paper No. 59-111 through the IAS Special Publications Dept. 
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Bell Aircraft Corporation 


Hypersonic Leading-Edge Applications 


Refractory materials must be used to salisfy requirements. 
Both metals and nonmetals have promise. . . .” 


For various possible missions and flight paths the 
following approximate ranges of parameters may be en- 
countered: maximum velocities from 5,000 fps to or- 
bital, maximum altitudes from 100,000 to 500,000 ft., 
boost times from 3 to 10 min., heat fluxes up to 40 
B.t.u./ft.* see. during boost which may produce tem- 
peratures up to about 2,000°F. with rates of change of 
about 30°F./sec., glide times from 30 to 120 min., and 
heat fluxes up to 250 B.t.u./ft.* sec. during glide which 
may produce temperatures up to 4,500°F. with rates 
of change of 10°F./sec. Airloadings may be high dur- 
ing the boost and landing phases but are very low dur- 
ing the glide phase. 

In addition to considerations of load and temperature, 
the nature of the medium through which the aircraft 
is traveling must be considered in selecting materials. 
Of the possible physical factors, oxidation is expected 
to be most important. Since adequate analytical 
methods for treating this problem do not exist, the 
present program is employing testing in high-temper- 
ature moving air streams to evaluate oxidation resist- 
ance of materials. 

In the following discussion a hypersonic glider having 
global range was selected as a typical example in order 
to illustrate the method of selecting materials. A 
total range of 21,900 nautical miles was traveled in 
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Fic. 1. Maximum temperatures for hollow leading edges. 
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approximately 120 min. The airplane was boosted 
in 6 min., to an altitude of 300,000 ft. and a velocity 
of 25,400 fps; after cutoff the glide was assumed to be 
made at a constant W/SC,, of 100. 

A constant lift-drag ratio of 3.0 was used for the air- 
plane which had a leading-edge sweep angle of 60°. 
The angle of attack was taken as 10°, and the leading- 
edge wedge angle was 20°. This condition results in 
approximately symmetric heating of the leading edge. 

Consideration of the flight trajectory selected (as well 
as many others considered) indicates that three po- 
tentially critical conditions exist: high dynamic pres- 
sure combined with moderate temperature, during 
boost; low dynamic pressure combined with maximum 
heating and temperature, during glide; and high dy- 
namic pressure combined with low temperature, during 
landing. The maximum heating is found to be most 
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Fic 2. Effect of internal heat transfer on leading-edge te npera- 
ture distribution. 


between helicopters and hypersonic vehicles. — 


critical with regard to material selection and is the 
only condition considered below. 


Analytical Methods and Results 


The interrelation of material and design parameters 
on the temperature and thermal stress problem asso- 
ciated with maximum heating during glide was investi- 
gated. Maximum heating occurred at approximately 
22,000 fps and an altitude of 241,000 ft. Aerodynamic 
heating, temperature, and thermal stress computations 
were performed on an IBM 704 using slight modifica- 
tions from standard methods. Heat transfer within 
the leading-edge component was included—that is, 
conduction and internal radiation. In this way tem- 
perature gradients are minimized, the stagnation point 
temperature is reduced, and the temperature of the 
aft portion is increased. Thermal stresses were deter- 
mined from the temperature distributions. No ex- 
ternal restraint was assumed, which implies that fairly 
short segments are employed and that design of attach- 
ment to the wing structure is such that spanwise ex- 
pansion and bending in the horizontal and vertical 
planes are permitted. Material properties were as- 
sumed to be constant. Average values between 2,000° 
and 3,000°F. were used. While the IBM programs 
can handle temperature-dependent properties and 
asymmetric heating, these were felt to be unnecessary 
refinements for illustrating the approach to materials 
selection which is discussed. 

The interrelation of maximum temperature, diam- 
eter, wall thickness, and equivalent thermal conduc- 
tivity is shown in Fig. 1. The powerful effect of in- 
ternal heat transfer in reducing the maximum temper- 
ature of small-diameter shapes is obvious. As diameter 
is increased, this effect is reduced. Internal heat trans- 
fer reduces maximum temperature and temperature 
gradient as shown for leading-edge shape (Fig. 2). As 
would be expected, the decrease in temperature grad- 
ient results in a decrease in thermal stresses (Fig. 3). 

The figures presented are typical of those used to 
determine rapidly temperatures and thermal stresses 
for the purpose of comparing materials of known prop- 
erties. In addition to the relationships indicated, the 
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Fic. 3. Effect of internal heat transfer on leading-edge thermal 
stress distribution. 
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effect of outer surface emissivity indicates that lower 
emissivities result in higher temperatures but have 
little effect on temperature gradients. Also, increas- 
ing the chordwise length of a small-diameter leading 
edge has little effect on maximum temperature but in- 
creases the temperature gradient and hence the thermal 
stresses. The effect of chordwise length on large- 
diameter shapes has not been investigated as yet. 


Material Requirements 


From the discussion of the interaction of geometric 
and material parameters, it is apparent that the follow- 
ing material characteristics, and their variation with 
temperature, must be considered in the design of a 
leading edge for hypersonic vehicles: 


Thermal conductivity. 

* Thermal emissivity. 

* Thermal coefficient of expansion. 
® Specific heat. 

* Mechanical strength. 

* Modulus of elasticity. 

Oxidation characteristics. 

® Erosion characteristics. 

* Density. 


The desirable absolute values are impossible to define 
because of the interactions involved. However, rela- 
tive magnitudes can be indicated. Thermal con- 
ductivity and thermal emissivity should be high to 
minimize temperature levels and temperature gra- 
dients. The coefficient of thermal expansion should 
be low to minimize expansion and thermal stresses. 
The modulus of elasticity affects the thermal stresses 
and stiffness, and low to moderate values are desired. 
Specific heat is of secondary importance; during glide 
its effect is negligible, while during boost its importance 
varies with the particular trajectory. If rapid changes 
in heat input occur, a high C, may tend to keep temper- 
atures below radiation equilibrium values, but, for 
slow rates of temperature ‘change, specific heat is of 
significance only as it influences thermal diffusivity. 
High strength is desired at lower temperatures, but the 
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high-temperature strength requirement is a function of 
other material properties which affect thermal stresses. 
High oxidation resistance is required in addition to good 
erosion resistance. 


While density is important for airborne applications, 
the severity of hypersonic leading-edge applications re- 
quires a compromise—and density can be sacrificed 
more easily than other properties. Because the area 
of the leading edge is small compared to the airframe 
area, about 10 per cent, high density materials should 
not impose an excessive weight increase. 


In addition to the above requirements, the materials 
used must be available and fabricable into the sizes 
and shapes desired. 


Discussion of Materials and Tests 


For the example being considered, maximum tem- 
peratures range from about 2,600° to 2,900°F., when 
the benefits of geometry and material properties are 
included; while for other applications this may be 
broadened from about 2,300° to 3,200°F. Refractory 
materials are required and two classes may be con- 
sidered, metals and nonmetals. Cermets, intermetal- 
lics, and graphite are considered as nonmetals because 
of the general lack of ductility and similarity of fabri- 
cation methods. Only materials currently available 
or semiavailable are discussed. 


Refractory metals—molybdenum, niobium, tanta- 
lum, and tungsten—all possess high thermal conduc- 
tivity, low thermal emissivity, low specific heat and 
poor oxidation resistance at the temperatures of in- 
terest. Mechanical strength, modulus of elasticity, 
and thermal expansion vary with the particular metal 
involved but are generally satisfactory. Ductile to 
brittle transition temperatures are much lower than for 
nonmetals, therefore local deformation is possible as 
a means of minimizing localized stresses. Fabrication 
experience is rather limited with regard to sheet metal 
assemblies; however, forged and machined shapes are 
readily available in reasonable sizes for all materials 
except tungsten. 

The major shortcomings of the refractory metals— 
poor resistance to oxidation and low emissivity—may 
be overcome by the use of suitable coatings. Good 
oxidation resistance, high thermal emissivity, good 
adherence, a matching coefficient of expansion, ability 
to withstand deformation, and high reliability are 
desired. 


Metal, cermet, ceramic, and combination coatings 
are available and may be applied by cladding, plating, 
spraying, vapor deposition and/or dipping. In many 
cases, treatments are used to improve the coating- 
substrate composite by improving adherence, decreasing 
porosity, or forming more desirable materials by chemi- 
cal or metallurgical processes. Most coating develop- 


ment has been directed toward protection of molyb- 
denum and its alloys, but no completely suitable coat- 
ing has been developed in the temperature of interest. 
Several coatings are quite promising although more 
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work on process control and nondestructive inspection 
techniques is required to improve reliability. 

Brittleness is the most serious drawback to the use 
of refractory nonmetallics for structural applications. 
Under load these materials fail because of localized 
stresses at flaws, which may range in size from submicro- 
scopic to macroscopic. The ability to deform locally, 
and thereby reduce the localized stress, is completely 
or almost completely lacking, and is considered to be 
a major cause of the nonreproducible nature of ceramic 
and cermet strength. 

Based upon the requirements outlined above, car- 
bides, silicides, cermets, and graphites appear to be 
the most promising types of nonmetallic materials for 
hypersonic leading-edge application. While many of 
these materials can be procured, data regarding their 
properties at high temperatures and strength repro- 
ducibility are quite incomplete. 

Tests were conducted, therefore, to establish con- 
sistent sets of materials data for various materials of 
interest. Three refractory metals and seven refractory 
nonmetals were chosen for testing, from the many 
materials considered, by using the analytical methods 
previously described and the material properties avail- 
able in the literature. Where data were lacking, they 
were estimated. 

The tests were of a minimum effort type, having as 
their objective the definition of consistent sets of 
material properties to the degree necessary in making 
comparisons. This screening program included deter- 
minations of thermal conductivity, thermal emissivity, 
thermal expansion, mechanical strength, modulus of 
elasticity, and oxidation resistance in flowing air. 
For each nonmetal, ten modulus of rupture bars were 
tested at each of two temperatures in order to assess 
the reproducibility of strength, as well as the mean 
strength. Fewer points were obtained at each of several 
intermediate temperatures. 

Generally, the data obtained confirmed and extended 
previously available data. In some instances signifi- 
cant differences arose. While these have not been 
completely resolved, some of the differences in proper- 
ties are attributed to the probable difference in the 
exact form, composition, and processing between 
specimens used by other investigators and those used 
for this program. 

Perhaps the most interesting data obtained were on 
the variability of strength of nonmetallic materials. 
The data obtained were found to fit a Weibull distribu- 
tion function, and the material characteristic m, a flaw 
index, was determined. Fig. 4 shows the magnitude 
of the safety factors which should be used for various 
materials if 99 or 99.99 per cent survival is desired. 
It should be noted that these safety factors are approxi- 
mate because of the limited number of samples used in 
determining m. 


Selection of Materials 


Of major importance in selecting a material for a given 
application is a comparison of the loadings expected 


with the load carrying capability. For the leading 
edge, this involves comparison of thermal stresses with 
material strength at temperature. Such a comparison 
is provided in Table 1 which was prepared using the 
analytical methods previously described and the data 
generated by the screening test program.* In addition, 
the results of oxidation tests and fabrication factors 
must be weighed. 

Of all the materials considered, only pure tungsten 
and coated graphite, Type I, appear to be suitable in 
resisting thermal stresses reliably. In the case of the 
nonmetals a 99 per cent probability of survival based 
on small specimen tests was used as an allowable 
strength and may actually be optimistic. The next 
most promising materials are the molybdenum alloy 
and the dense silicon carbide. With geometric vari- 
ations it should be possible to reduce stresses to toler- 
able levels. The deficiencies of the other materials are 
obvious. 

The deficiencies of tungsten lie in fabrication prob- 
lems and lack of suitable protective coatings. Hence, 
three of the potentially useful materials show promise 
for the particular application considered, with the 
molybdenum alloy and Type I coated graphite being 
the more promising. 

The usefulness of the other materials can be assessed 
indirectly from the tabulated computation and other 
considerations. Type II coated graphite appears to 
lack sufficient reproducibility of strength to be con- 
sidered seriously. However, the coating used provided 
excellent oxidation protection. The niobium alloy, 
molybdenum disilicide, and the two cermets appear 
suitable for less severe applications. Molybdenum 
disilicide has excellent resistance to oxidation, but fabri- 


(Continued on page 62) 


* Time did not permit tabulation of computations on pure 
tungsten which are given here. Temperatures: 2,600°F., 
2,080°F., and 2,270°F. for maximum, minimum, and tension 
region, respectively. Thermal stresses: 6,140 psi tension, 22,100 
psi compression. Allowable strength: 32,000 psi tension, 40,000 
psi compression. 


TABLE 1 
COMPARISON OF TEMPERATURES AND THERMAL STRESSES FOR VARIOUS MATERIALS 


1 INCH DIAMETER, 10° WEDGE ANGLE, 60° SWEEP, 
Ww sc, 100, 0.9 22.000 fps, 241,000 FEET 


Temperature, °F Thermal Stresses,ps! Tension (Bendin) ompression 
Ultimate Ultimate 
Max. Max. 
Material Maximum] Minimum] Tension} Tension|Compression Average 9% 
1/2% Ti Alloy of 2.620 2.070 2,260 7,500 26,100 26.000 - 17,000 
Molybdenum 
Niobium Alloy 2,810 1,980 | 2.200 | 2.960 4,700 25,000 - 0 
Dense Silicon 3,060 1,840 2,100 10,350 25,000 18,000 6,920 52,000 
Carbide 
Coated Graphite, 2,660 2.100 2,240 420 1,610 6.000 1,130 12,000 
Type I 
Coated Graphite, 3,290 1,770 2,100 1,620 15,900 4,350 800 - 
Type 0 
Cermet, Type I 2,960 1,880 2,140 4.420 6907 | 46,500 34,400 0 
Cermet, Type 2,960 1,880 2.140 5,200 9,650° 65,000 | 46,400 3,000 
Molybdenum 3,040 1,850 | 2.120 | 4,930 2,780* 28,700 | 14,700 4,500 
Disilicide 


For non-metallics measured bending strength on 1/4" x 1/4" x 5" specimens has 
been used for tension and compression stresses were taken equal to 3 times the 
bending values. For metals tension and compression allowables were assumed 
equal. Since scatter is small only average values for metals are used. 


+ Values are low because modulus of elasticity becomes extremely low. In general 


this would indicate large plastic deformations. Therefore, stresses do not indicate 
a true picture. 
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Space Navigation and Exploration by 


Gravity Difference = 


Joel J. Carroll and Paul H. Savet 


Arma Division, American Bosch Arma Corporation 


- TECHNICAL literature dating back to Newton 
mentions an inertial phenomenon that has been neg- 
lected in instrumentation applications until very re- 
cently. It had been shown that a physical body in free 
fall experiences tensile and compressive forces and rota- 
tional torques depending on the magnitude of the 
gravity gradient and on the orientation and rotational 
motion of the body. Early application of this phenom- 
enon to geophysics led Euler (1765) to conclude that 
the earth, viewed as a huge rigid body gyroscope, wob- 
bles in the presence of the torque induced by the gradi- 
ent of the gravity field of the sun. This conclusion was 
analytically confirmed in various papers by Laplace at 
about 1800. The theory was generalized to the case of 
the earth and treated as an elastic deformable body 
subject to tensile and compressive tidal effects by 
Maxwell (1890), Newcomb (1892), (1916), 
Jeffreys (1926), and others. 

Since 1956, when the implications of this phenom- 
enon on the rotational motion of space vehicles had 
assumed practical importance, there have been published 
at least two dozen papers on the application of the 
rotational torques to satellite attitude control. Rober- 
son and Tatestcheff (1956) developed the mathematical 
form of the mutual potential function for rigid bodies of 
small size (satellite vehicles) relative to the principal 
gravitating body; Roberson (1958) extended the de- 
velopment to the derivation of the gravitational torque 
components along the principal axes of inertia of a 
rigid satellite vehicle of general shape; and Oberth 
(1958) proposed an engineering application of the grav- 
itational torque for establishing the local vertical in a 
satellite vehicle. 

What has thus far been neglected in the recent litera- 
ture is the application of the tensile and compressive 
forces to other problems of space navigation, in particu- 


Darwin 


A condensed version of the authors’ paper of the same title 
presented before the Space Flight Session, IAS National Sum- 
mer Meeting, Los Angeles, June 16-19, 1959. The complete 
work is available as IAS Paper No. 59-91 through the IAS Special 
Publications Dept. 
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Mr. Carroll, a Senior Engineer, Missile Guid- 
ance, Arma Division, American Bosch Arma 
Corperation, has been engaged for several 
years in systems analysis and design of fire 
control systems, computers, and navigational 
devices. Since its inception, he has been 
on Arma's Inertial Guidance Development 
Project in charge of systems analysis in connec- 
tion with ICBM navigation and guidance prob- 
lems. Previous technical work includes 10 
years with the U.S. Coast and Geodetic Survey, 
and the U.S. Geological Survey on navigation 
and instrumentation probl He obtained 
his M.S. degree at George Washington Uni- 
versity in 1953. 


Holder of more than a score of patents in the 
field of thermodynamics, optics, computers, 
servomechanisms, etc., Dr. Savet is Head of the 
Technical Staff, Missile Guidance, Arma Divi- 
sion, American Bosch Arma Corporation. He 
was educated at the University of Paris, ob- 
taining a Ph.D. degree in 1937. For 8 years 
ending in 1939, he was Scientific Adviser to the 
French Air Ministry, and came to the United 
States in 1941. He is a member of several 
professional societies and of the Board of Ad- 
visers, Adelphi Research Center, and is Adjunct 
Professor of Mathematics at the Polytechnic 
Institute of Brooklyn. 


lar to the determination of vehicle acceleration, ve- 
locity and position, and also gravity acceleration. Per- 
haps these applications have been neglected because the 
gravity gradient forces are small, being of the order of 
10~7 g./ft. at the surface of the earth and 10~'° g,/ft. at 
an altitude of 36,000 miles, where g, is the acceleration 
of gravity at the surface of the earth. However, it is a 
fact that various programs have been proposed to de- 
velop an accelerometer which would operate in precisely 
this range of accelerations, although the developments 
are intended for altogether different applications. 

This paper will not be concerned with the actual con- 
struction of the gravity difference accelerometer or 
gradient detector but rather, assuming a successful 
development, with the application of such an instru- 
ment to astronautical navigation and exploration. How- 
ever, the detailed considerations in this paper suggest 
relationships which may be usefully employed in the 
development programs. 

There are at least three significant implications of the 
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Space gradient technique . . . provides a means of 
continuously or intermittently slaving a platform 
to stay tangent to equipotential surfaces; 
it also provides a method to align this platform 
with respect to the orbital plane of the satellite.” 


applications of such an accelerometer to space naviga- 
tion and exploration. First, it would be possible to 
slave an inertial platform in a satellite vehicle into con- 
tinuous alignment with the equipotential surfaces of 
gravity and thus, by purely inertial means, to deter- 
mine continuously the attitude of the vehicle with re- 
spect to the local vertical. Furthermore, this slaving 
could also be applied to the orbit plane, and, finally, the 
angular velocity of the satellite in its orbit can directly 
be derived. 


It follows that, if the gravitational constant of the 
attracting body is known, the radial distance from the 
center of attraction can be determined and, conversely, 
if the radial distance is known, then the gravitational 
constant can be determined. 


As an adjunct to a conventional inertial guidance 
system for space navigation, the gradient detector sys- 
tem may be used to reorient the drifting inertial system 
components and thus to correct the attitude, position, 
and velocity errors which would accumulate rapidly 
during the long flight times required for space missions. 
It is even possible to shut down the inertial system com- 
pletely and bring about a reorientation of this system at 
intervals of time of our own choosing. 


Finally, as an adjunct to any navigation system, the 
gravity difference detection system may be used to gen- 
erate redundant navigational information and thus to 
improve the overall accuracy of the system. 


Gravitationally Induced Tensile and Compression 


In order to provide an intuitive understanding of the 
tensile and compression phenomena, we consider the 
effects of the gravitationally induced forces on simple 
mass configurations. 


A point mass, subject to a central force field in free 
fall from rest, will traverse a radial straight line. Two 
such masses starting from the same spherical equipo- 
tential surface at the same time would impact at the ori- 
gin of the central force field. 


Suppose that the two masses (/;, .\/2) are separated 
by a weightless rod (Fig. 1). The center of gravity of 
this simple system will traverse a radial line, and each 
mass will be restrained by the rod to traverse a straight 
path parallel to this radial line. Since each mass would 
have traversed a radial path if the rod were not restrain- 
ing the motion, we may conclude that the restraining 
force on each mass would be directed along the rod out- 


E (Origin of Central Force Field) E 


Fic. 1. Fic. 2 


ward from the center of gravity and thus that the bar 
would be under compression. 

We may similarly reason that, if the two masses were 
initially oriented in the radial direction, as in Fig. 2, 
the mass closer to the origin of the central force field 
would be subject to continuously greater acceleration 
than the mass trailing behind and hence that the dis- 
tance between them would continuously increase. A 
rigid rod connecting the two masses would restrain this 
distance to the fixed length of the rod, and thus the 
rod would be under tension. 

We thus see that the rod constraining the simple two- 
mass configuration in free fall may be under tension or 
compression, depending on the orientation of the rod 
with respect to the radial direction to the center of 
force. Since the rod is under tension for certain orien- 
tations and under compression for others, it is of inter- 
est to determine the angle at which the tension or 
compression goes to zero, and more generally to deter- 
mine the magnitude of the compressions as a function of 
the angle with respect to the gravitational field. In 
what follows compressions are interpreted as negative 
tensions. 

Suppose the masses and the rod joining them are ori- 
ented at same arbitrary angle a with respect to the out- 
ward radial direction from the center of mass E as 
shown in Fig. 3. 

From the geometry we have 


=r+L*+ 2rL cosa 
wiih 2rL cos a 
_ (L + cos a) ane)cos By = 
Joos ) (L — rcos a)/r 


Fic. 3. 
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From the inverse square law we have 
fi = g, R?/n* = g, R*/(r? + L? + 2rL cos a), 
= g,R?, = /(r? + L? — 2rL cos a) 


where R is the radius of the mass E (earth). The ten- 
sion 7’ in the rod is thus 


T = mg, cos By — Meg2 COS Be 
If m, = m2 = m, then 
Aa = T/m = g; cos By — ge cos Be 


which is precisely the directional derivative of the 
gravity field. 

In order to determine the directional derivative Aa, 
let 


Aa = (g, cos 8; —g cos 8) — (go cos 82 — g cos 8) 


and, for a given orientation a of the rod with respect to 
the local vertical, we find the magnitude of each paren- 
thetical quantity by expanding g cos 8 about the center 
of gravity of the system. 

Thus 


gi cos —g cos 8 = | cos 8)]/OL} AL + 
(1/2) { [02 (g cos B)]/oL?} AL? 


in which we have by explicit differentiation 
Og cos 8)/AL Jeg. — (g,R?/r*) (1 — 3 cos? a) 
07(g cos 8)/OL*?]o.g. = (g, R?/r*) (g cos a — 15 cos? a) 


- The maximum absolute magnitude of the terms of the 
series occurs when a = ()andr = R. For these maxi- 
mum conditions, the contribution of the second term 
for L = 0.5 ft., R = 2 X 10’ ft. is 1/2 XK 1077 g,, and of 
the third term is 3/8 X 107'* g.. 

It can readily be seen that the third and succeeding 
terms may be dropped without introducing errors 
greater than 3/8 X 107" g.. 

Hence 


Aa = g, cos 8; — gcosB = 

— (g,R?/r*) (L/r) (1 — 3 cos? a) 
and the difference in the rod-directed gravity accelera- 
tions between the mass poifits, or the directional de- 


rivative of the gravity field along the full length of the 
rod, is 
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Aa = — (2g,R*/r?) (L/r) (1 — 3 cos? a) 


The tension goes to zero when Aa = ()—that is, when 
1—3 cos? a = 0 or when a = arccos V/1/3 ~ 54° 44’. 

Plots of Aa vs. a are shown in Fig. 4. 

We note that the tension is a maximum when the 
masses are aligned along the local vertical and that the 
compression is a maximum when the masses are on the 
same equipotential surface. Moreover, the maximum 
tension is twice the maximum compression, and the 
tension is zero when a = 54° 44’. 


Rotationally Induced Tension 


If the mass-rod system undergoes angular velocity 
about an axis which is perpendicular to the bar and 
which passes through the center of gravity, the bar will 
undergo tension of an amount proportional to the sum 
of the centrifugal accelerations exerted by the masses. 


T = mL, + = 2mL¢? 


where ¢ is the angular velocity of the bar in inertial 
space, 2Z is the length of the bar, and where it is as- 
sumed that m = m, = mb». 


Navigation 


Two Dimensions 


Suppose that an instrument having the capability of 
measuring the small tension in the bar was available 
and suppose that two mass-rod systems were mounted 
on a platform aboard an orbiting vehicle. We assume 
in the preliminary example, first, that the inertial at- 
traction is negligible between the two masses in each in- 
strument and between each of the masses and the dis- 
tributed mass of the vehicle; second, that the oribital 
motion is planar; and third, that the bars remain co- 
planar with the orbit. 

We have shown that the tensions in the rods result 
from two sources, one gravitational and the other rota- 
tional. 

The tensions in the bar are given by 


—2mL (g/r) (1 — 3 cos? a1) + 2mL¢? 


T, = — 2mL(g/r) (1 — 3 cos? a2) + 2mL¢? 


If the two mass-bar systems are mounted perpendicular 
to each other, we have 


a = (m/2) — ae 


We consider various cases: 

(1) Suppose ¢, the angular velocity of the platform, is 
measured continuously by means of a rate gyro. In 
this case, the two equations may be solved simultane- 
ously for the attitude of the platform with respect to the 
local vertical and for g/r which is proportional to the 
magnitude of the gradient of the gravity field. 

(2) Suppose the platform is slaved so that 7) is main- 
tained equal to 72. In this case the attitude of the 
platform with respect to the local vertical may be de- 
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termined continuously, and ¢@ may also be determined. 
Suppose in this case that the vehicle is in a circular orbit. 
Then, since ¢ is the angular velocity of the vehicle in its 
orbit, we have also determined the angular velocity of 
the satellite in its oribit about the gravitating body. 
The extension of this technique to determine ¢ for ellip- 
tic orbits requires an auxiliary computation and will 
be presented in an extensive paper to be published in the 
near future. 

(3) Suppose that the platform is slaved as in case (2) 
and, in addition, suppose that 7 is determined by some 
auxiliary noninertial means such as radar. In this 
case, the value of g at altitude may be continuously 
computed. Conversely, if g is known, then 7 may be 
determined. 

We note that in all cases an ambiguity arises in the 
determination of a since the solution of the equations 
yields a trigonometric function. However, this ambi- 
guity may be resolved by keeping track of the past his- 
tory of the flight. 

We thus find that, in principle, it is possible by purely 
inertial means to determine continuously (1) the atti- 
tude of the platform with respect to the local vertical 
and thus the attitude of the vehicle, (2) the angular 
position of the satellite in its oribit, and (3) the magni- 
tude of the gradient of the gravity field. Moreover, 
by the additional noninertial measurement of distance 
to the gravitating body, it is possible to determine the 
magnitude of the gravitational acceleration and thus to 
explore the gravity field of that body. 


Three Dimensions 


Extension of the above considerations to the three- 
dimensional case yields the same conclusions as the 
two-dimensional case, plus the additional interesting 
conclusion that the attitude of the vehicle with respect 


to the orbit plane can also be determined by purely 
inertial means. 


We now suppose that the platform consists of three 
instead of two mutually orthogonal difference acceler- 
ometers. Suppose further that angular motions of the 
vehicle as detected by three rate gyros are stopped. 
Then the tensions in the rods will be 


T, = — 2mL (g/r) (1 — 3 cos? a) 
T, = — 2mL (g/r) (1 — 3 cos? ae) 
T; = — 2mL (g/r) (1 — 3 cos? as) 


and the direction of the instantaneous vertical can be 
determined continuously with respect to the trihedral 
composed of the three rods. The envelope of instan- 
taneous verticals is then the orbit plane. 


Knowing the direction of the normal to the orbit 
plane, suppose one of the difference accelerometers is 
rotated into coincidence with the normal and the trihe- 
dral is rotated about this normal so as to maintain the 
outputs of the other two difference accelerometers equal 
to each other. This situation is equivalent to the 
planar case discussed above, and the same conclusions 
hold. However, in this three-dimensional case we have 


Inertial Reference Direction 


Fic. 5. 


established a means for determining the direction of the 
normal to the orbit plane or binormal of the orbit, as 
well as the direction of the instantaneous vertical. 
Thus, by measuring the attitude of the vehicle with 
respect to the rods, we may determine the complete 
three-space orientation of the vehicle. 


Conclusion 


Space gradient technique as briefly outlined above 
provides a means of continuously or intermittently 
slaving a platform to stay tangent to equipotential sur- 
faces; it also provides a method to align this platform 
with respect to the orbital plane of the satellite. 


It is possible to shut down the system during any 
length of time without impairing its future operation. 
This is extremely important in space missions because of 
the critical nature of the power consumption. It also 
offers potential advantages in long-time reliability of 
the system. 


Irrespective of the eccentricity of the orbit, it appears 
feasible to determine directly the angular velocity of 
the vector directed from the center of the gravitating 
body to the satellite, as well as the angular velocity of 
the satellite (if any) around the radius vector. Further- 
more, the radial acceleration per radius (7/r) and gravity 
acceleration per radius (g/r) can be detected directly. 


The accuracy of measurements depends on the rela- 
tive sensitivity of the difference accelerometers. The 
error in the determination of the local vertical expressed 
in radians is the quotient of the sensitivity of the dif- 
ference accelerometers and the magnitude of the gravity 
gradient at orbital altitude. 
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Possibilities of configurations, materials, and shape-retention techniques 
are discussed from considerations of weighl/area ratio, function, storage, 
lifetime, and economics. 

Weight estimates for several objects indicate that material properties and 
choice of shape can affect weight to a considerable extent. 


Design of Large-Area Astronautical Objects 


George A. Hoffman, MIAS 
The RAND Corporation 


- SCIENTIFIC exploration of space 
will require many vehicles with extremely large surfaces. 
These large-area objects will probably be designed to per- 
form special functions, but, whatever the function is, 
it can best be achieved by maximizing the area that is 
gathering or relaying the desired information or 
radiating or absorbing energy. In general, scientific 
experiments in space will be enhanced by the avail- 
ability of large-area apparatus for collecting the data. 
For example, a probe designed for acquiring data on 
atmospheric drag at very high altitudes and speeds 
will gather information whose quality improves with 
increases in the area of the spherical body. Or, if a 
satellite were to be designed for maximum visibility 
by the unaided eye, it would also require the maximiza- 
tion of its visible area (perhaps to such very large 
dimensions where color distinction is feasible to an 
observer). Another example of a vehicle requiring 
maximum area is a communication relay satellite, 
where the absorbed and radiated energies are a sensitive 
function of the area. 

Many other examples can be given of the require- 
ment for extremely large surfaces in future space 
vehicle designs: solar-to-electric energy converters, 
solar reflectors, solar sails, probes with large moments of 
inertia (for accurate retention of orientation from the 
gyroscopic effect or for precise orbit determination), 
scientific large-area samplings of density and composi- 
tion of interplanetary matter and of micro- and macro- 
meteorite frequency and distribution, surplus-energy 


A condensed version of the author’s paper entitled ‘‘The 
Structural Design of Maximum-Area Astronautical Vehicles,’’ 
presented before the Structures.Session, IAS National Summer 
Meeting, Los Angeles, June 16-19, 1959. The complete work is 
available as IAS Paper No. 59-89 through the IAS Special Publica- 
tions Dept. 
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dissipators, etc. A more complete list of the tasks of 
future space vehicles can be found in reference 1. 

Though there will be a wide variety of vehicles. 
they have a common feature—their general functional 
level is proportional to the area that is gathering the 
data, the samples, or energy, or relaying this informa- 
tion to terrestrial observers. Therefore, it is apparent 
that many structural designers will have to pay an 
increasing amount of attention to the problems of 
large-area astronautical objects. 


Purpose 


Only the salient problems in the design evaluation of 
large-area objects will be approached in this study, 
and then only from the structural engineer’s viewpoint. 
In this attempt to define the major design criteria 
in the novel type of space vehicle construction, we 
will establish some of the basic rules for design and 
compare and evaluate the possibilities of various shapes, 
materials, and methods for preserving the shape in 
a gravity-free environment. The only one of these 
possibilities to be tested thus far, the inflated balloon 
scheme in Fig. 1,? will be the basis of a weight estima- 
tion. 

The last objective of this study is to anticipate the 
major problem areas and to deduce from the comparison 
the avenues of development which may be most 
profitable. 


* See Aeronautical Engineering Review, February, 1957, Vol. 
16, No. 2, pp. 50-55, 82. 
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Fic. 1. NASA inflated balloon satellite. 


Design Criteria of Large-Area Objects 


The Weight/Area Ratio 


The most urgent requirement of any payload of an 
astronautical vehicle is the minimization of the weight 
for any assigned design function. But, since attaining 
the largest possible area is the primary function of the 
class of vehicles studied here, the weight,/area ratio 
seems an appropriate criterion to evaluate various 
designs, all other variables being equal. 

The area of an object can be increased for a given 
weight of constituent material by spreading the 
material thinner, thus raising the stresses it is subject 
to from inertia or external loads required to preserve 
the shape. In the limit, the maximum achievable 
area becomes a function of the strength of the material 
used, and the criterion for comparison between various 
possible materials becomes the familiar density /- 
strength ratio of the material used. 

The density/strength or weight/area criteria are 
equally applicable to shapes that are held distended by 
internal pressurization (balloons), by centrifugal inertia 
forces caused by the purposeful rotation of the shape 
(as in a spinning disc), or by electrostatic means. 


Shapes Dictated by Function 


Although the weight/area criterion can discriminate 
between possibilities within any class of desired 
functions of a large surface vehicle (visibility, tracking 
ease, receiving or transmitting area, etc.), still, for each 
design objective, there is an optimum or most desirable 


shape—if other considerations are disregarded. For 
example: 


The sphere, because of its triaxial symmetry, is 
preferred for sampling the atmospheric drag in the 
vicinity of planets. 

The disc, if nearly normal to the line of sight of 
an observer, will be the easiest shape to view visually 
and track. Also, if the disc could be kept normal to the 
trajectory path, it would be the most desirable shape 
for sampling meteorites. 


The cylinder, hollow and circular, possesses the 
highest moment of inertia for a given distributable 
mass and is therefore the preferable shape if precise 
orientation is a prerequisite. 


The flat plane, distended centrifugally by spinning 
about an axis in its plane, can be observed as a rectangle 
whose area varies sinusoidally in time. Such an 
astronautical object would be of value because of its 
predictable modulation of a reflected signal, and its 
twinkling or flickering should make for better visual 
acquisition. 

The paraboloid of revolution is a shape frequently 
adopted by antenna designers. The paraboloid is 
also the shape that might be most efficient for the 
collection of solar energy. Helices projected on other 
shapes such as cylinders and cones have also been 
considered for antennas. 


Fig. 2 depicts some of these shapes that would be 
optimal for specific functions but not necessarily 
optimal by the weight/area criterion. 


USES MERIT 
VALUE 
SPHERE 
(a) Drag studies 4 
Planetology 
DISK 
(b) ; Visibility to 
Sampling 253 
CYLINDER 2 
Maximum moment of to 


inertia, Communication 6.3 


FLAT PLANE 2 

Modulation to 

Ease of acquisition 8 

PARABOLOID 

Reflection of (.7 


electromagnetic energy 


Fic. 2. Shapes, uses, and merit values of some large-area astro- 
nautical vehicles. 
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Packaging and Unpackaging 


Another general requirement of these objects is 
that they be quite flexible so that they can be collapsed 
and folded without damage into a compact container. 
The container should preferably be smaller in diameter 
than the last-stage tank of the vehicle, and should be 
able to withstand launching loads and protect the 
stored surface. Compact packaging and storability 
are necessary because of the obvious need to minimize 
drag during ascent through the atmosphere, and also 
because of the staggering problems of ground-handling 
an item that, in extreme cases, might have an area of 
millions of square feet. 

Once outside the earth’s immediate atmosphere, 
the methods of unfolding the surfaces are limited by 
another criterion that generally applies to large-area 
objects—their shape can be most efficiently maintained 
by not placing any portion of the structure in compres- 
sion. A few techniques for uniformly tensioning a 
membrane are internal pressurization, spinning and 
generating centrifugal inertia forces, and electrostatic 
charging. 


Lifetime Considerations 


The missions that will be assigned to large-area 
objects will range from a life-in-orbit requirement of a 
few minutes? to at least a year or two.’ The length of 
exposure time in a hostile environment in space can 
radically affect the designer’s choice of distending 
methods, materials of construction, shapes, etc. 
In general, large satellites orbiting around the earth or 
the moon will have short-time exposures (a few days 
or so), while other-planet or solar-orbit probes will 
need to survive several months to be of any use. 


The environmental hazards in space can be classified 
as: 


Mechanical 


Aside from the constraints of supporting tension 
loads either from internal or external forces, there are 
meteoritic particles to contend with. Their effects 
range from localized puncturing of the surfaces down to 
_an insidious uniform erosion of the whole vehicle. 
Radiation pressure, though small, is ubiquitous and 
could distort very flimsy surfaces that are not suf- 
ficiently tensioned. 


Thermal 


The thermal environment is less severe and more 
easily controlled than the mechanical one. For most 
planetary travel within the solar system, the designer 
can usually select a surface coating with an adsorptivity 
that will stabilize the temperature of the material at 
tolerable levels. 


Chemical 


All matter volatilizes at some rate in a vacuum; 
furthermore, many compounds become less stable and 
are degasified. Many other chemical and surface 
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phenomena have been observed, ranging from ac- 
celerated chemical reactions between materials that 
appear inert in our atmosphere to the unusual behavior 
of electrostatic forces. 


Radiative 


Electromagnetic radiation! which bombards space 
vehicles is invariably inimical to humans and to the 
materials they employ. Fortunately, materials pre- 
ferred by structural engineers tend to be the least sensi- 
tive to radiation damage. For the short-time missions, 
the radiation environment may pose only minor prob- 
lems, while only small obstacles may be expected from 
the length of travel times of unmanned vehicles. 

Finally, the designer can add to his list of lifetime 
criteria the problems of deterioration due to packaging, 
long-time storage while folded, and launching loads. 


Economics and Fabrication 


The necessity for reducing the payload weight is 
the basis of the economics of weight minimization, 
where the value or worth of eliminating an extraneous 
pound of vehicle weight may range up to a thousand 
dollars per pound. Therefore, an economy-minded 
designer would not be justified in spending more than 
this value or worth to save the weight by going to 
a more exotic shape, an unconventional material, or a 
more expensive fabrication. 

The economic constraints, when applied to the topic 
of large surfaces, require that optimum materials and 
shapes be used (though there is an upper limit to the 
cost). Fabrication expenses, which in flight vehicles 
are invariably an order of magnitude larger than 
material costs, are thus a critical area for scrutiny and 
improvement. 

The fabrication requirement that the basic sheets 
from which the shape will be composed be flat and 
coiled on mandrels is not a constraint on the types of 
shapes that can be considered: the disc, cylinder, 
rectangular plane, and the cone are developable 
surfaces; spheres and paraboloids of revolution can be 
approximated from elastic surfaces that are developable 
when unstrained but which become doubly-curved 
under biaxial straining. 

A more important constraint is the availability of 
ultrathin sheets in a very limited number of thick- 
nesses. Probably any tapering that might be ideal in 
terms of uniform stress would have to be either aban- 
doned or, at most, replaced by two or three steps in 
sheet-gage. 


A Comparison of Some Possibilities 


Relative Merit Value by the Weight/Area Criterion 


Large surfaces in orbit will have to be distended by 
some permissible stress to maintain their shape and to 
react a multitude of distorting effects. It can be 
shown that the weight/area ratio of a distended large 
area equals the product of certain properties of the 
material of construction and a shape factor. 
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Fic. 3. Weight and effective area of 1960 large-area objects. 


The material properties are density/strength, 
modulus/strength, and the (distension energy) /(ma- 
terial volume) ratios, and the products of these three 
ratios is proportional to the weight/area, for any 
specific shape. If the same optimum material is 
employed for a variety of shapes, the weight/area is 
proportional to the shape factor, which may now be 
considered the configuration “‘merit value’; (the lower 
the merit value, the more efficient the structure). 

The calculations of the merit values of various 


shapes resulted in the entries in the right-hand column 
of Fig. 2. 


Weights and Areas of Some Large Surfaces 


Weight estimates indicated that the plastic film may 
account for over 90 per cent of the total weight of 
well-designed distended surfaces. In particular, the 
weights of inflated spheres with a specific orbiting 
mission were related to their visible area, assuming a 
membrane 0.0002 in. thick with design strength of 
1,000 psi incorporating many ignorance factors. 

Accessory equipment was assumed consisting of the 
specular coating on the sheet*; the pressurizing gas; 
the gas tank, valving, and release mechanism; a 
slipping chemical additive for ease of unfolding; 
and a canister containing the folded sheet in storage 
and during ascent. This equipment weight amounted 
to less than 10 per cent of the total weight. The 
total weights and effective areas of various objects 


* An optical coating will have to be applied if the object is to 
be made more easily visible. A mirror-like coating (specular) 
seems more advantageous than a white coating (diffuse) for most 
Planetary and solar orbits, and a thickness of 2 by 10-6 in. of 
aluminum is sufficient, while 5 by 10~¢ in. is adequate.* 


are shown in Fig. 3, derived from the above assump- 
tions. 


Relative Merits by Other Criteria 


A comparison of the various configurations should 
also include the difference in adaptability to packaging, 
distending ability, lifetimes, and fabrication require- 
ments. 

The fabrication and packaging requirements have 
already been mentioned as the primary basis for 
preferring developable surfaces. The number of un- 
necessary creases which develop from folding an elastic 
doubly-curved surface is deleterious; the fabrication 
of such curved membranes does not lend itself to the 
simplifications possible with flat coiled sheets. There- 
fore, to repeat, such shapes as discs tend to be superior 
to spheres or paraboloids. 

Lifetime requirements seem also to give preference to 
centrifugally distended shapes. In the sphere, for 
example, loss of pressurization can be caused by punc- 
ture, slow leaks through joints, and diffusion through 
the plastic. The result is that drag forces collapse 
the sphere into a slender pack of wrinkled sheets, 
trailing from the densest accessory—the inflating gear. 
For equivalent weight/strength materials, lifetime 
considerations may also give preference to those least 
sensitive to u-v and other radiations, those most ductile, 
and those with thermal properties conducive to sta- 
bilizing the temperature at low levels. 


Conclusions 


It may be concluded from this study that the most 
critical factors in the design of large-area vehicles are 
the choice of material and the choice of configuration. 
The weight of the vehicles was shown to be proportional 
to the density/strength value of the chosen material, 
as well as to its modulus/strength ratio. The configura- 
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tion can also affect the weight by large factors. as 
summarized in Figs. | and 2. 

Trends in improving materials are predictable for a 
given material or composite, insofar as the density and 
modulus of elasticity are fairly well set. However, the 
strength can be improved by alloying or by additives, 
filamentation, and other procedures. A survey of 
past experience in lowering the density, strength is 
shown in Fig. 4, with a speculative extrapolation into 
the future. The technique offering the best potential 
may be the full utilization of the atomic cohesion in 
materials, possibly by the exploitation of the phenom- 
enal strength of filamentary crystals (‘“‘whiskers’’).* 
It is hopefully expected that the enhancement of 
future materials can reduce weight of large-area 
objects to a fraction of present-day weights, just as 
the choice of shapes other than the conventional 
spheres can afford further weight reductions by a factor 
of three. 
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Wind-Tunnel Investigation of the Supersonic Boom (continued from page 39) 


olution of the same fineness ratio, which corresponds ex- 
actly to the mathematical model assumed in the theory. 
The theory is seen to show very well the variation of 
pressure with distance, but to overestimate the meas- 
urements by about 25 per cent. The close agreement 
between the measured data for the two bodies indicates 
that the lack of agreement is not due to the parabolic 
body approximation. It must be remembered that the 
theory is based on slender body assumptions, and that 
these fineness ratio five bodies are not really slender. 
This may be, at least partially, the cause of those dis- 
crepancies shown. 


Since the far field pressures of nonsymmetrical bodies 
are dependent on roll attitude, the possibility of the 
“equivalent body’’ dependence on roll should be con- 
sidered. In the theoretical work of Walkden® it was 
shown that for each roll angle there is indeed a different 
equivalent body. The equivalent body may be deter- 
‘mined by applying supersonic area rule concepts. 


In Fig. 5 the pressure coefficient at the bow shock 
eight chord lengths away from model B has been plotted 
as a function of roll angle. The theory curve was ob- 
tained by using the maximum diameters and lengths of 
the area distributions generated by the frontal projec- 


tions of the areas intercepted by planes tangent to the 
Mach cone. It is seen that the theory again overesti- 
mates the magnitude of the pressure. However, the 
variation of pressure with model attitude is given very 
well. Thus it can be seen that this simplified theory can 
be a useful tool in treating the problem of the thick- 
ness-induced, boom-producing shock front. Although 
the magnitude of the pressures is overestimated, it is 
overestimated by a nearly constant percentage and the 
variations with radial distance and with angular dis- 
placement are given quite well. 

(The complete IAS Paper contains a discussion of the 
effects of airplane lift based on wind-tunnel and flight 
tests. In addition, theoretical estimates are compared 
with pressures measured during flight tests, both in the 
vicinity of the airplane and on the ground.) 
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Electrical flight control is concluded to be advantageous if 
(1) artificial stability of a particular aircraft is vilal, and 
(2) reliability can be improved sufficiently to be competitive 

with mechanical systems. 


Electrical Primary Flight-Control Systems 


F. Gene Keyt, MIAS 


Minneapolis-Honeywell Regulator Company 


Desicx OF supersonic aircraft flight 
controls has followed a pattern of evolution. The years 
have seen the development of irreversible hydraulic 
control of the surfaces with artificial feel systems 
and electrical trim. Stability difficulties necessitated 
damper systems with differential servos. Recently, 
outer loop control through parallel servos has assumed 
increasing stature. This growth in complexity indicates 
a need for a fresh and integrated approach. Electrical 
primary flight controls can provide such an integrated 
system with inherent advantages: 


Less complexity and weight. 

Increased flexibility of both the cockpit installa- 
tion and aircraft cabling as compared to a me- 
chanical system. 

e Better dynamic performance through elimination 
of some present mechanical elements and their 
nonlinearities. No feedback from the stabilizing 
elements. 

e Feasibility of standardizing flight-control systems 
from aircraft to aircraft. 


The greatest drawback to electrical flight control has 
been the comparative unreliability of electrical systems 
as contrasted to mechanical systems. The electrical 
flight-control system example to be described was con- 
ceived with reliability as the paramount consideration. 


System Description 


A block diagram of the pitch axis of an electrical 
flight-control system might appear as shown in Fig. 1. 
Roll and yaw axis control would be similar. In normal 
system operation, signals from the electronic damping 
and automatic control circuits command surface motion 
directly. The elimination of master cylinders, nonlinear 
mechanical gearing, and parallel and differential servos 


A condensed version of the author’s paper of the same title 
presented before the Electronic Systems Session, IAS National 
Summer Meeting, Los Angeles, June 16-19, 1959. The com- 
plete work is available as IAS Paper No. 59-99 through the IAS 
Special Publications Dept. 
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well was as flight-test engineer on several ex- 
perimental and production flight-control sys- 
tems. Since 1956 he has been assigned to * 
advanced flight-control systems, Aeronautical 
Division, Minneapolis-Honeywell, as a senior 

systems engineer. 


as transfer elements does much to increase overall re- 
liability and decrease system weight. 

Three channels are utilized in the electrical system. 
Channels No. 1 and No. 2 are completely independent 
all the way through to joint control of the hydraulic 
surface actuator. Channel No. 3 does not participate 
in actual control but monitors the other two. The 
monitoring is accomplished in the decision device which 
is a transistorized logic circuit. 

If channel No. 2, for example, malfunctions and at- 
tempts to drive the surface actuator in one direction, 
the other channel will immediately oppose it, and high 
signals of opposite phase or polarity will develop in 
both channels. In such a situation it is difficult to dif- 
ferentiate between good and bad without further in- 


| | 


Fic. 1. Block diagram, pitch axis primary electrical flight con- 
trol. [Note simplicity of stand-by system (shaded units).] 
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Fic. 2. Principle of the NaK servo. 
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formation; this is the purpose of the redundant third 
channel. In this case, channels No. 1 and No. 3 will 
have the same phasing or polarity, and the No. 2 chan- 
nel will be disengaged. 


When one of the three channels disagrees, a yellow 
light comes on, indicating to the pilot that he is still 
operating on the normal system with full stabilization 
and control available, but that one system has failed 
and two are left. Disagreement of either of these two 
systems will disengage the normal system, and a red 
light will warn the pilot that control has reverted to the 
stand-by system. 


For best closed-loop operation, electrical surface 
feedback gain will be constant. The surface feedback 
signal will be high-passed for integral control. This 
surface high-pass network will be shorted out on the 
ground to provide a take-off trim reference and facili- 
tate ground checks. 


Stabilization signals will be summed with the pilot’s 
command signals in normal operation. The techniques 
for obtaining the proportion and shaping of these signals 
for good control are well known and need no elaboration.! 


All command signals will be subject to the scrutiny of 
the command signal limiters. These units prevent 
commands from exceeding sate normal acceleration or 
angle-of-attack limits. The command signal limiter in 
effect “‘clips’’ command signals to the maximum allow- 
able. The tactical and safety advantages of such a 
limiter are considerable. There may be circumstances 
where the pilot wishes to exceed the maximum safe 
normal acceleration. For such eventualities, a ‘“‘gate’’ 
can be provided which will allow the pilot to exceed 
allowable g with substantially increased stick force. 


Electrical to Hydraulic Transfer Element 


An unusual transfer method is suggested as having 
excellent reliability tor this application. This method 
utilizes a liquid metal closed-loop servo called a ‘‘Nak 
servo” because of the liquid sodium-potassium element 
used. The Nak servo uses the principle that a cur- 
rent-carrying conductor located in a magnetic field is 
subjected to a force. A field is established electromag- 
netically as shown in Fig. 2. A closed loop of Nak 
fluid (the conductor) has a current (input from the 
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normal or stand-by system) passed through it at 90 deg. 
The NaK conductor moves, driving the lightly spring- 
loaded actuator spool valve. The NaK transfer ele- 
ment works well with a.c. inputs; the only requirement 
is that the field magnet excitation also be a.c. and that 
it maintain the correct phase relationship. With such 
an arrangement, the Nak servo exerts continuous one- 
way pressure with an a.c. signal. The NaK servo has 
frequency response capability out to 20 cps. 


Fig. 3 illustrates how the electric-NaK-hydraulic 
transfer might appear. The NaK servo has a number 
of advantages: 


Output is proportional to input. 
The closed Nak loop eliminates contamination 
difficulties. The power output of the NaK servo 
is sufficient to shear all possible contamination in 
the actuator valve. 

e The NaK servo itself cannot fail in a hardover 
fashion. 

e The Nak servovalve works well with a.c. inputs. 

e High-temperature operation of the Nak element 
is good (S00°-1,000°F.). 


Outer-Loop Control 


Outer-loop functions may be selected at the option 
of the pilot. These outer-loop functions might include 
attitude hold, beam guidance, fire control, AutoLABS, 
altitude, Mach, terrain avoidance, or heading. Ideally 
some command function would be controlling the air- 
craft whenever the pilot is not actually flying the plane. 
The pilot can override and disengage any of these com- 
mand guidance modes by using his electric stick. Dis- 
engagement is accomplished by direct manual action 
and also automatically if the outer-loop is capable of 
introducing excessive signals. 


4 


STANDBY SYSTEM 
|ELECTROMAGNETIC 
(NOK) 


NORMAL SYSTEM 
ELecT GNETIC 

PUMP - VALVE 
NoK 


Fic. 3. Block diagram, electrical to NaK to hydraulic transfer. 
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Trim and Feel Systems 


Tests conducted on side stick controllers have been 
quite successful.*~* Electric controls are more suited 
to the small side stick configuration than mechanical- 
hydraulic controls because of the small input forces 
necessary with electrical transducers. Mechanical 
systems require a master cylinder to move the linkages 
leading to the main surface actuators. Optimum elec- 
tric stick feel can be achieved with constant spring 
force, inertia, and damping.?~* Desired aircraft feel 
(stick force per g, etc.) can be obtained by appropriate 
feedback and electric stick gain. Control stick de- 
flections would call for calibrated pitch and roll rates. 
If there is no feel trim system, the pilot cannot 
trim into a steady-state maneuver. If such trimming is 
deemed desirable, a beep type is suggested. Such a 
method declutches the trim system upon pilot command 
with re-engagement upon release of the trim button. 

The pilot’s electric stick control is irreversible, and no 
surface motion is reflected at the stick. Neutral static 
longitudinal long-period stability is provided by accel- 
eration or pitch rate feedbacks and high-passed surface 
position. The result is that there is no change of stick 
trim position with change in air speed. This automatic 
trimming with speed is felt to be an advantage for the 
following reasons: 


(1) It is known that pilots fly best when stick forces 
are light. The conscious or unconscious action of con- 
tinual trimming to maintain light stick forces adds to 
the pilots’ workload. 

(2) The easy and natural manner of engaging Mach, 
attitude, and altitude simply by relaxing stick pressure 
has lessened the need for a speed trim feel. 

(3) Speed trim feel was desirable when it occurred 
as a natural consequence of providing static longitudinal 
stability. Now, however, consistent speed trim feel 
through the transonic region must be provided arti- 
ficially—for example, by a loose Mach hold superim- 
posed on the pilot’s command. Simplicity and reli- 
ability favor dropping speed trim feel. 


Flight-test evaluation by Minneapolis-Honeywell 
and others of fighter flight-control systems without 
speed trim feel indicated pilot approval.*° The only 
objection occurred during low-speed approach to a 
stall. The use of command signal limiting in the pro- 
posed system will give increasing stick force as the stall 
is approached and will nullify this objection. 

Modern rudder flight controls maintain good transient 
and steady-state coordination automatically. There 
is still need for pilot control of the rudder, primarily 
during take-offs and landings where control is essen- 
tially two-axis, yaw, and pitch. Human engineering 
studies indicate that three-axis control through a single 
side stick is to be preferred.’ In single-stick, three- 
axis control, roll and pitch are much the same as at pres- 
ent. Yaw control is obtained by a twisting motion of 
the stick. Regardless of whether a three-axis stick is 
adopted or conventional rudder pedals retained, the in- 


AMPLIFIED NORMAL SYSTEM SIGNAL 
FROM PILOT'S STICK ONLY 


STANDBY SYSTEM SIGNAL 
PILOT'S STICK ONLY 


SIGNAL TO HYDRAULIC ACTUATOR TORQUE COILS 


PILOT STICK DEFLECTION FROM ZERO 


Fic. 4. Normal and stand-by electric stick gain. 


stallation flexibility of electrical controls will be ad- 
vantageous. 


Stand-By System 


It is unlikely that any electronic system utilizing am- 
plifiers, sensing elements, relays, and switches can ever 
approach the reliability of a straight mechanical stick- 
to-actuator system. Therefore, a stand-by, ultrareli- 
able electrical control is provided. The stand-by sys- 
tem is somewhat unique in that it provides electrical 
control of the hydraulic actuator directly from the 
pilot’s stick without intervening amplifiers. One reason 
that amplifiers are necessary in conventional flight- 
control systems is that some sensors such as acceler- 
ometers, gyros, and pressure sensors cannot be con- 
structed with requisite accuracy and still have the output 
power necessary to control without amplification. The 
pilot can, however, move transducers husky enough to 
energize coils controlling the main actuator directly 
without intervening amplification. The stand-by sys- 
tem utilizes such power transducers. It is engaged at 
all times, but does not affect normal system operation. 
The reason this is so can be understood by a look at 
Fig. 4 depicting the output of the normal system and the 
stand-by system as a function of pilot stick deflection. 
It is clear that, because of the high gain of the normal 
system, it is in- complete control until disengaged. 
The stand-by signal may create a slight small bias at 
times which does not affect normal operation. 

The stand-by system may be too sluggish because of 
its low gain. If so, it can be given as high a gain as the 
normal system (still without amplifiers) and switched in 
and out. This method is not recommended because of 
the unreliability of a switching mechanism. 

The stand-by system has minimum complexity. It 
consists of a dual output transducer generating signals 
which are transmitted over conductors unbroken by 
relay contacts and with as few connectors as possible to 
dual control coils in the stand-by NaK transfer element. 
The surface feedback signal is sensed with an a.c. pickoff 
mechanically high-passed and summed at the Nak 
servo with the a.c. stand-by electric stick command 
signal. High-passing the surface feedback on the 
stand-by mode obviates the need for stand-by system 
trim and also appears to be the most reliable way to 
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TABLE 1 
Typical Conventional 
Aircraft With Damp- 
ers and Control Weight, Electrical Flight Weight, 
Stick Steering * Lbs. Control Lbs. 


Electric stick and as- 
push rods, bell cranks, sociated wiring, and 

etc. 35 electric stick feel svs- 
Mechanical feel system tem 10 
and feel trim system 50 NaK servovalves for 

Two parallel servos (in main actuators 15 
roll and pitch). Two 

differential servos 

(pitch and yaw) plus 

associated hoses and 

coupling 35 

Total 120 Total 25 


* Mechanization common to both methods of control is not 
listed. 


maintain engagement “synchronization. The high- 
pass time constant is long enough (5 to 10 sec.) to allow 
the stand-by system to follow only the speed and long- 
term trim changes of the normal system. 


System Advantages 


The advantages accruing to electrical flight controls 
il a supersonic aircraft are impressive. 


Weight-Savings 


The saving in weight can be upward of 95 Ibs. (see 
Table 1). This saving results from the elimination of 
mechanization now found necessary with supersonic 
aircraft. 


Improved Dynamic Qualities 


Dynamic qualities of flight control are improved. 
The phase lags and system difficulties caused by having 
parallel and series hydraulic servos driving the surface 
actuator are eliminated. 

System friction, dead spot, rigging, and temperature 
effects are not problems in an electrical flight-control 
system. Elimination of the moving parts of a conven- 
tional mechanical-hydraulic system results in less wear- 
out and field maintenance. 

Control surface movements are not reflected at the 
stick. Motion of control surfaces due to stability aug- 
mentation is sometimes so rapid as to be disconcerting 
to the pilot if reflected at his controls. 
trol by-passes this problem. 


Electrical con- 


Improved Flexibility 


Electrical flight controls offer a flexibility which per- 
mits improved cockpit arrangements. The most natural 
electric stick position seems to be off to the right with 
suitable arm support. 

Stick feel characteristics can be more easily changed 
than in a mechanical-hydraulic configuration. 
Installation flexibility is particularly good. Mechan- 
ical systems must have bell cranks, torque rods, etc., 
to change the mechanical advantage and transfer the 
mechanical motion to the actuating cylinder. Electri- 
cal conductors effect this transfer more directly. A 
mechanical control system is almost necessarily unique 
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Electrical control has inherent 


to a particular aircraft. 
flexibility to allow application to more than one air- 
craft. 


Reliability 


The biggest obstacle to acceptance of electrical air- 
craft control is reliability. The system described in 
this paper is intended to illustrate a simple and reliable 
mechanization. In this section, some of the facets of 
overall electrical flight-control system reliability will be 
examined. 

A question which is central to the problem of reli- 
ability is, ““‘What must be made absolutely reliable?” 
A few years ago, only the mechanical connection to the 
flight-control surfaces was vital. Now it has become 
more difficult to draw the line between vital and non- 
vital functions. The loss of damping or the failure of 
nonlinear gearing, trim, or pitch-up inhibitors can be 
almost as dangerous in some situations as loss of actual 
connection to the surfaces. 


Let us consider for a moment that pitch axis damping 
is a vital function, and draw a comparison between 
electrical control and a conventional pitch axis damper. 
If damping is a vital function, any damper failure can be 
assumed as an aircraft loss. In such a case, electrical 
flight control and conventional dampers are quite com- 
petitive. Electrical components of the two systems 
are much the same, and reliability measures, such as 
dual or triple channels, can be applied with nearly equal 
ease. The electrical flight-control system will have a 
reliability advantage in that the electrical to hydraulic 
transfer is made more directly without an intervening 
hydraulic servo. 

Assuming that future requirements will best be met 
with electrical flight controls and that developmental 
work is to begin now, let us consider three possible 
methods of improving reliability to the required level. 


Improvement by Simplification 


The system outlined in this paper was conceived 
with simplicity and reliability in mind. It is consider- 
ably less complex than a conventional flight-control 
system, but further improvements undoubtedly could 
be made. 


Redundancy 


When used judiciously, redundancy can improve re- 
liability. Failures can be grouped into three catego- 
ries—locked or jammed faults, open or “‘dead’’ faults, 
and shorted or hardover faults. 

The locked or jammed fault is rarely encountered in 
electrical equipment, and opens or shorts are responsible 
for most failures. Parallel redundancy improves the 
reliability of units more prone to open faults, whereas 
redundancy can actually lower reliability if parallel 
units are prone to short-circuit faults. Fortunately, 
most electrical failures are of the open or “‘dead”’ type. 
Information as to the relative proportion of open and 
short failures of a particular unit would be useful in de- 
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ciding how many parallel units would give optimum re- 
liability. 

Electrical systems can be paralleled for reliability 
improvement more easily than can mechanical-hydrau- 
lic systems. For instance, if reliability would be im- 
proved, it would be comparatively easy to run eight 
conductors to the actuator. It would be difficult to 
provide that many mechanical paths. 


Component ond Circuitry Improvements 


The third method of bettering reliability is by com- 
ponent and circuitry improvements. With so much 
emphasis on reliability, it may seem impossible to im- 
prove component reliability. However, reliability has 
not been the only factor considered in the design of elec- 
trical flight controls. Minimum weight, cost, and size, 
and increased performance have also been important 
considerations. 

It is possible to design more reliable electrical com- 
porents—the amplifiers which are an integral part of 
the Atlantic cable are a good example of this fact. 
Aircraft electrical flight-control reliability can be im- 
proved. Extreme care in design, testing, and providing 
wide margins of safety can bring about great improve- 
ments, 

The cabling of electrical flight-control systems can be 
run in separate bundles with more reliable and separate 
connectors. Increasing the number and force of con- 
tacts in pin connections of connectors will increase re- 
liability. 

Mixed steel and copper strands in aircraft stranded 
wire offer one possibility of increasing the mechanical 
strength of wiring and preventing open circuits. 

Inductive pickoffs are to be preferred over potenti- 
ometer pickoffs. In general, sliding electrical contacts 
are a source of unreliability and are to be avoided 
wherever possible. Derating of components is a famil- 
iar and useful tool for improving reliability. 

The cost of a developmental proving program might 
be more than that of a conventional system, but once 
designed the system could be applied to many aircraft. 


Conclusions 


Electrical control can be a simple, lightweight, flexible 
solution to the increasingly complex flight-control 


system. It holds promise of increased performance 
and lessened difficulty in field maintenance. 

An electrical flight-control system of high reliability 
must be designed with reliability in mind at every step. 
A stand-by system reduced to the bare essentials can 
give additional fall-back safety. 

The advantages of electrical flight control are many, 
total reliability being the key factor. Two choices are 
possible : 

e Utilize electrical flight controls only on aircraft 
which are sufficiently dependent on electronic 
damping to make electrical control attractive. 

e Improve the reliability of an electrical system 
until it becomes competitive with a mechanical 
system. 

In either case, the time to start designing an electrical 

flight-control system is now. 
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“The best application of the shrouded propeller 
as a propulsive unit is one in which 
advantage is taken of the normal forces 
that the shroud can provide at low and moderate 
angles of attack. These normal forces can be 
used for lift or for control.” 


Wind-Tunnel Tests of 


Shrouded Propellers and Their Application 


Robert K. Wattson, Jr., AIAS, and Vernon O. Hoehne, AIAS 


Department of Engineering Research, University of Wichita 


= SHROUDED propeller or ducted 
fan is among those devices referred to by patent at- 
torneys as ‘generally old.’”’ Its most signal capability, 
that of producing higher static thrust than the free 
propeller for the same diameter and power input, has 
been recognized for many years, and the momentum 
theory by which this capability can be portrayed is well 
known—e.g., reference 1. 

The recent interest in the device stems from the fact 
that the technology of aircraft power plants and struc- 
tural materials is now far enough advanced that it is of 
interest to consider vertically-rising heavier-than-air 
vehicles with air-moving propulsion units more heavily 
loaded than those of helicopters. Also attractive is 
the idea that the duct, or shroud, of a shrouded propel- 
ler may in some way be combined with other structural 
units of the aircraft so as to form a part of its primary 
* structure or supporting surfaces. 

Questions as to what regimes of operation the 
shrouded propeller should be considered for, and what its 
aerodynamic and structural problems will be, require 
experimental investigation since the aerodynamic 
theory will not yet, within reasonable effort, provide 
performance and loads information complete enough 
for design. 


A condensed version of the authors’ paper of the same title 
presented before the Propulsion Session, IAS National Summer 
Meeting, Los Angeles, June 16-19, 1959. The complete work is 
available as IAS Paper No. 59-107 through the IAS Special 
Publications Dept. 

The work discussed was carried out under the sponsorship 
’ and support of the Office of Naval Research, with financial sup- 
port shared with the Bureau of Aeronautics, USN, and the Army 
Transportation Corps. 
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Symbols 
A,, = rotor disc area, sq.ft. 
c¢ = shroud chord, ft. 


C, = lift coefficient L/gS 

= drag coefficient D/gS 

= pitching moment coefficient, 17/qSc 
= power coefficient, P/qVS 

= rotor diameter, ft. 

= advance ratio, V/nd 

pitching moment, lbs. ft. 

= power, ft.lbs./sec. 

= free-stream dynamic pressure, psf 
= shroud projected side area, sq.ft. 

= thrust, lbs. 

= velocity, fps 

= angle of attack, deg. 

= blade pitch setting (subscript P denotes propeller), deg. 
= propulsive efficiency, 7V/P 

= air density, slugs/cu.ft. 


Late in 1955 the University of Wichita undertook to 
explore the characteristics of shrouded propellers 
through the performance of an extensive experimental 
program, accompanied by a theoretical approach which 
would provide a description of flow and forces complete 
enough for design purposes. The experimental pro- 
gram was to consist of a series of wind-tunnel tests of 
several units, so designed that individual geometric 
parameters could be varied as independently as possible 
to isolate their effects or at least determine their rela- 
tive importance. Performance characteristics were to 
be determined over as wide a range of operating condi- 
tions as the wind tunnel would allow. Because of the 
limitations of the test equipment, the program does 
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not produce results relating to the effects of compres- 
sibility on performance. 


Model Design 


All told, five basic model designs are in the process of 
being tested at the University of Wichita. The models 
have static disc loadings of 35, 80, 120, 140, and 219 psf 
with propellers containing 2, 4, 6, 10, and 17 blades, 
respectively. Design external advance ratios were 
zero for the lowest-loaded propeller, and 1.4 to 1.6 for 
the remaining units. Fig. 1 shows a typical model. 

The design of the University models was not linked 
to a specific application or configuration; rather, the 
concept was that of producing a research item for re- 
search purposes only. No integrated theory of design 
was used to arrive at the geometry of the models, al- 
though work .on such a theory is in progress. The de- 
sign procedure adopted was based on the work of Kuche- 
mann and Weber’ and Patterson.?, The model con- 
figurations were established in such a way as to exploit 
the effects of design variables on model aerodynamic 
characteristics with the least expenditure of time and 
funds. The geometric variables chosen for exploration 
were (a) propeller hub-tip ratio, (b) shroud chord-to- 
diameter ratio, (c) shroud inlet geometry, (d) shroud 
diffusion, (e) propeller solidity and blade loading, (f) 
propeller tip clearance, and (g) axial position of pro- 
peller. 

Only one variable at a time was to be changed to as- 
sure that the effect of this variable only would be prom- 
inent in the data. For example: two models will be 
tested, incorporating 4-bladed propellers having the 
same propeller airfoil section, chord distribution, and 
twist distribution, but the hub-tip diameter ratio is 


0.3 in one unit and 0.4 in the other. The shrouds for 
both models are identical. The detail design of all 
model components is such that any component could 
be assembled on any model, allowing many choices of 
model configuration. 

The sting-type tunnel mounting system includes a 65- 
hp. three-phase induction motor with dynamometer, 
which can drive the propeller at any rotational speed to 
12,000 r.p.m. The angle of attack of the model rela- 
tive to the tunnel airstream is varied trom 0° to 90°, and 
the external advance ratio range is the maximum attain- 
able with the test equipment—from about 0.2 to 4.00. 


Static Performance 


Static performance of the 2, 10, and 17-bladed models 
has been measured both outside the wind tunnel, and 
inside the tunnel using a special arrangement. Results 
do not permit an across-the-board comparison of high- 
and low-loaded propellers since the more powerful units 
were operating off-design (the design point corresponds, 
in the case of the heavily loaded units, to an external 
advance ratio of 1.4). However, the penalty of off- 
design operation on static efficiency may range to per- 
haps ten percentage points, as judged by the best effi- 
ciency of the low-loaded unit, which was designed spe- 
cifically for static operation. 

The summary shown in Fig. 2 indicates the best re- 
sults achieved to date. In this figure the height of each 
bar represents the static efficiency of the 2-bladed pro- 
peller, running at its design loading of 35 psf, at the 
rotor blade setting for best performance. Trends 
pointed out previously by various authors are in evi- 
dence, plus one new one which is felt to be of interest. 
The static efficiency of the unit with high-speed inlet 
and diffusing skirt is significantly lower than that with 
nondiffusing skirt (last two bars on the right). The 
reason for this may lie in the fact that inlet separation 
is present with the high-speed inlet installed. This 
condition is perhaps aggravated by the diffusing skirt 
which has the tendency, at given disc loading, to change 
the inflow pattern in a manner very roughly comparable 
to increasing the angle of attack on a stalled airfoil. 
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If this effect is as supposed, some benefit to static per- 
formance may accrue from providing the skirt of a 
“high-speed” shroud with flaps which can be set for a 
slight exit contraction, instead of diffusion, for static 
operation. 

The static thrust of a nondiffusing shroud consists 
largely of the integral of the forward components ot 
elementary pressure forces on its leading edge. These 
elementary forces may be increased by increasing the 
local air velocity over the leading edge and by assuring 
that there is no flow separation in the inlet. Both flow 
adherence and high local airflow velocities at the shroud 
leading edge can be obtained by twisting the propeller 
so as to load its outboard blade sections. On the other 
hand, the static efficiency of a complete unit can be 
shown to be at a maximum if, other details of the flow 
not considered, there is no radial variation of slipstream 
velocity. This requirement may not be consonant, in a 
practical design, with that of high shroud leading-edge 
surface velocities. 


Propulsive Efficiency 


Plots of propulsive efficiency vs. advance ratio em- 
phasize the importance of the shroud shape and size 
with regard not only to the peak efficiency but also to 
the range of advance ratios within which the propeller 
can operate. Although no specific conclusion can yet 
be drawn from test data, the indication is that the 
shroud should be of such size and shape that it will 
produce thrust, or at least will produce no drag, when 
the rotor is operating at its maximum efficiency. 

The relative effectiveness of variable rotor pitch, as 
opposed to variable inlet guide vane pitch, is also shown 
by propulsive efficiency plots. Inlet guide vanes are 
singularly ineffective in flattening the envelope curve 
of propulsive efficiencies. The explanation probably 
lies in the fact that the performance of a shrouded pro- 
peller is closely tied to the aerodynamics of the 
shroud, and varying the inlet vane angle can affect the 
shroud circulation adversely, even though the rotor 
efficiency is improved by the change. 

Performance of a unit with a diffusing shroud depends 
also on the characteristics of the airflow in the annulus 
through the rear of the unit. Typically, the perfor- 
mance of diffusing unit has been described analytically 
in terms of the area ratio of the diffuser, with secondary 
effects either neglected or accounted for empirically. 
Actually, the diffuser performance is related to the 
axial and tangential velocity distributions in the stream, 
and to the secondary flow through the rotor and stator 
blade rows. Unlike a two-dimensional airfoil in an 
infinite tunnel, a shrouded propeller rotor blade sheds 
its bound vorticity both at root and at tip, and this 
vorticity appears in the airstream at the trailing edges 
of the shroud and hub with a consequent lowering of 
local pressure and decrease of efficiency. The effect 
has been calculated and observed on torpedo propeller 
hubs in a water tunnel.’ In addition, the familiar 
secondary cascade flows introduce vorticity in the 
shroud boundary layer aft of the blade row; the effect 
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of these vortices on diffuser performance must be as- 
certained. The suppression or partial suppression of 
tip vortices by boundary-layer control or tip clearance 
elimination may or may not be desirable, depending on 
the effect on diffuser performance. 

Tests of models with high solidity stator blade stages 
have shown sizable effects of blockage of airflow in the 
annulus. In designs which utilize the shroud as a ring 
wing, power-off glide performance may be compromised 
by such effects, and consideration should be given to 
whether it is actually necessary to provide maximum 
straightening at this cost. 


Angle-of-Attack Effects 


Plots of force and moment coefficients against angle 
of attack show irregularities which are accentuated by 
decreased loading or increased ‘‘advance ratio’ (still 
defined for convenience as \’/nd). Power coefficients 
change the least as angle of attack increases. The 
shroud maintains its axial thrust to higher advance 
ratios, the higher the angle of attack. Pitching mo- 
ment coefficients, referred to the center of the propeller 
plane, are usually positive and become quite large as 
angle of attack increases. They reach maximum at 
about 65-70 deg. 


Comments on Test Methods 


Some experiences and comments on the testing and 
data reduction methods appear below. 

It was found, first, that it was difficult to get good 
static performance data with the shroud unit mounted 
in the tunnel. Of the two methods tried, that of run- 
ning the modelaligned with the tunnel axis with a canvas 
screen in front of the contraction cone produced no re- 
sults at all except a very long period surge or pulsation 
involving the entire air tube. The second method, that 
of placing the model at a 9()-deg. angle to the tunnel 
axis and opening the 7 by 12-ft. door in front of the in- 
take, produced static efficiencies very close to values 
subsequently obtained in free air. The distance from 
the model in the tunnel to the nearest obstruction to the 
airflow was about 3 diameters. 

Smoke studies of the forward stagnation line location 
on the shroud exterior showed, however, a chordwise 
location of about 60 per cent chord in the tunnel and 
about 80 per cent in free air. 

The source of the discrepancy in stagnation point 
location was probably the obstructions in the inflow 
field rather than in the outflow, as indicated by a few 
runs made with a ground board aft of the propeller. 
These showed no effect on thrust until the ground board 


was less than a diameter in rear of the shroud exit. It | 


is concluded that it is more important to the accuracy 
of static tests to have an unobstructed flow field in 
front of the propeller than at the rear, and that the 
minimum distance from the propeller to the nearest 
obstruction should be more than 3 diameters regardless 
of disc loading. 

It was found, on the other hand, that, for testing at 
forward speeds, the effect of the model-supporting 
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structure was important in an unexpected way. Tests 
with the single upright support for the sting produced a 
sideforce which was subsequently removed by the in- 
sertion of the image support causing no measurable 
change in thrust. 


Data Correction 


How to correct shrouded propeller wind-tunnel data 
to free air conditions has been a matter for investiga- 
tion since the program started. After considerable 
experimental work, a method of correction for blockage 
was conceived which related the correction factor to the 
difference between the total thrust and the shroud 
thrust coefficients. _Downwash corrections are not yet 
evolved, but there seems to be hope for a procedure 
which is comparable to that used for jet-flap wings, 
wherein the jet momentum torce is subtracted from the 
total force reading and the corrections based on the re- 
mainder, which is substantially the force due to shroud 
circulation. 


Application 


There is a tendency to group applications of any new 
device according to the missions for which the device is 
being considered. A somewhat more basic scheme of 
classification, based on the functions that the shrouded 
propeller itself performs, is as follows: 

(1) Primarily lifting systems, with no premium on 
maximum speed. 

(2) Lifting and thrusting systems, wherein the pre- 
mium on maximum speed may or may not exist. 

(3) Thrusting and control systems, wherein the 
ability of the shroud and its stator vanes to provide a 
normal force is exploited primarily for control rather 
than lift. 

Viewing first the primarily lifting system—the wind- 
tunnel data reveal that, at high angles of attack and at 
any appreciable external advance ratios, the shroud 
begets large deflections of the oncoming airstream, 
with accompanying high normal force. The normal 
force is, of course, directed substantially rearward, and 


its horizontal component has become known as the 
“momentum drag.” 

The momentum drag limits the speed of the vehicle, 
and it is possible to predict this limitation by the use of 
cross-plots of wind-tunnel data such as that of Fig. 3. 
In this figure, the shrouded propeller forces are plotted 
as airplane type polars, the reference area being the pro- 
jected side area of the shroud and the blade angle being 
fixed. Moment coefficient may be plotted against C, 
in the same manner, and the performance of the. iso- 
lated unit in equilibrium flight at fixed pitch may then be 
plotted from the intersections of the curves with the lift 
axis. Similar charts may be prepared for other blade 
angles. Immediately apparent from such charts is the 
fact that the unbalanced pitching moment coefficient is 
quite high, and that much thought must be given to 
trimming it out without cancelling the performance 
benefit afforded by the presence of the shroud. 

The second scheme of application, that of the lifting- 
thrusting system, involves the use of the shrouded pro- 
peller as a lifting device for take-off and landing, and 
substantially as a propeller for the cruise portion of the 
flight. These flight regimes are connected by transi- 
tion regions wherein the balancing problem is the same, 
essentially, as that for the lifting system, but the mo- 
mentum drag problem loses much ot its significance. 

An example of the steady-state performance curves 
for an isolated cruising shroud is shown in Fig. 4. 

Complete airplane performance may be approxi- 
mated by combining the shrouded propeller polar with 
that of the remainder of the airplane, neglecting inter- 
ference. Such combined polars, drawn for several 
rotor blade angles and relative orientations of airframe 
and shroud, will indicate roughly the configuration nec- 
essary for best performance at any speed. 

The third type of application is based on the classic 
statement that the most efficient means of propulsion is 
that which adds to the fluid wake behind a body the 
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momentum lost in drag. The shrouded propeller unit 
is mounted on the tail of the fuselage, and the shroud 
serves as a control unit as well as propulsive device. 
Suitable fins or flaps are installed on the skirt of the 
shroud to deflect the airstream in the direction required 
for control, and are aided by movable exit stators. 
This configuration is so far not evaluated by any ex- 
tensive wind-tunnel tests. Its advantages must be 
weighed against problems of installation and possible 
difficulty in securing peripherally uniform inflow condi- 
tions. 


Conclusions 


The above remarks may be summarized in the follow- 
ing statements regarding application principles for the 
shrouded propeller: 

(1) Any application should take advantage of the 
ability of the shrouded propeller to produce, at low 
speeds, more thrust per horsepower at a given diameter 
than the free propeller. 

(2) If diameter is not limited and high maximum 
speed is not a requirement, the shrouded propeller will 
not successfully compete with the unshrouded artic- 
ulated rotor. 


The Case for the Supersonic Transport 


(3) If vertical take-off is a requirement and maximum 
speed requirement is present but is not too high, the 
shrouded propeller properly utilized may successfully 
compete either with the free propeller-engine combina- 
tion or with the turbojet. 

(4) The best application of the shrouded propeller as 
a propulsive unit is one in which advantage is taken of 
the normal forces that the shroud can provide at low 
and moderate angles of attack. These normal forces 
can be used for lift or for control. 
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transport are quite substantial and indicate ample 
justification for the required investment. A certifi- 
cation target date of 1965 is realistic to meet the 
expanding airline market. This date also appears to 
be feasible from the standpoint of airline financing, 
airframe development scheduling, and engine avail- 
ability. The fact that the vehicle is well suited to 
satisfying a variety of military missions warrants 


Materials for Hypersonic Leading-Edge Applications 


serious consideration of substantial Government sup- 
port for this program. 


(Epiror’s NotE—Lockheed’s studies have reached a 
point where they can be interpreted by the artist. One 
interpretation, by C. G. Hodgson, of the California 
Division Staff, is the cover illustration for this issue of 
AERO /SPACE ENGINEERING. ) 
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cation experience is limited. Oxidation resistance of 
the Type I cermet is good up to 2,300°F. and fair up 
to 2,600°, while that of Type II is good up to 2,300°F. 
but poor at 2,600°. 


Conclusion 


The interaction of material and geometric character- 
istics in hypersonic leading-edge design has been shown, 
and the importance of considering both in selecting 
materials has been indicated. To aid in selection, an 
approach has been presented which consists of com- 
paring thermal stresses with allowable strengths of 
potentially suitable materials. Oxidation and _ fabri- 
cation aspects must also be considered. 


In order to determine .thermal stresses in typical 
shapes, many material properties are required and can 
be obtained from a relatively simple series of screening 
tests. Properties of importance include thermal as 
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well as mechanical characteristics. Once determined, 
these properties are useful for other design problems. 

Refractory materials must be used to satisfy require- 
ments. Both metals and nonmetals have promise, 
with coated molybdenum alloy, coated graphite, and 
dense silicon carbide appearing to be most promising 
between 2,600° and 3,000°F. Between 2,300° and 
2,600°F. coated niobium alloy, cermets, and molyb- 
denum disilicide appear to be promising. If satis- 
factory coatings can be developed, graphite and 
tungsten offer most promise for applications above 
3,000°F. While other refractory materials are being 
developed and may have satisfactory characteristics, 
these are felt to lack sufficient fabrication experience 
and suitable definition to be seriously considered at 
this time. 

More detailed investigations of promising materials 
are being conducted in order to obtain properties which 
will be adequate for use in detailed design. 
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DELIVERED -—-thousands 
of missile APUs 


1. Solid propellant—hydraulic output 2. Liquid propellant—hydraulic and electric output 3. Solid propellant—electric and mechanical drive output 


4. Liquid propellant—hydraulic and electric output 5. Solid propellant—hydraulic and electric output 
6. Solid propellant—hydraulic, electric and steering outputs 


AiResearch has designed, developed, 
manufactured and delivered thousands 
of missile accessory power units. Ex- 
tremely reliable and lightweight, these 
various solid and liquid monopropel- 
lant APUs are completely self-sustain- 
ing within the missile system. Designed 
to minimum space and weight require- 
ments, they are built to withstand high 
G loading and severe temperature 
extremes. 

The several units pic- 


tured above provide hydraulic, elec- 
trical and/or steering surface control 
depending on the customer’s require- 
ment. Delivered horsepower ranges 
from 1.2 to 35 h.p. over hot gas oper- 
ating durations from 30 seconds to 20 
minutes. Electrical regulation is main- 
tained as closely as + 2%. A significant 
advance in missile APUs is unit #6 
pictured above. This package repre- 
sents the first integrated hydraulic and 
electrical power unit providing 


a steering surface actuation system. 

These tailored systems utilize the 
extensive hardware experience and 
complete laboratory, test and produc- 
tion facilities of AiResearch needed 
for quick and efficient quantity 
production of complex APU systems. 
AiResearch is the world’s largest and 
most experienced manufacturer of 
lightweight turbomachinery — the key 
component of its APU systems. Your 
inquiries are invited. 


THE i343 CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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PORT OF EMBARKATION 


In the decade of misstiery ahead, prime contractor 
capability must go far beyond the requirements 


of hardicare design and manufacture. New 


expericnce and facilities are now required in the 

mmereasingly critical launching phase—from 

ground handling and testing to countdown 

and data control, 

Martins Cocoa Division is the first organization 

of its kind devoted exclusively to this 

specialized area, Accomplishments have 
already established new operational standards 

at Cape Canaveral, one of the two U.S. ports 

of entbarkation for the major space events 

of the decade ahead, 

An example of the latest development 

in electronic fail-safe launching equipment 

is the new Martin Master Operations 

Control MOC. system, which automatically 

monitors count-down procedures tn the 

test firing of rescarch and developinent-type 

TITAN missiles. With equipment such 
as this, TITAN launchings have achieved 


unheard-of performance reliability. 
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The Cocoa Division 
is one of the 


seven divisions 


of The Martin Company 


BALTIMORE: DENVER: ORLANDO 


Letters 


Continued from page 6 


earth is pelted daily with this so-called 
meteoric dust. 


Now, if the sun had the gravitational 
force assigned to it, why would these par- 
ticles leave a strong gravitational field and 
travel 93,000,000 miles to a weaker one? 


Or why would not the cooled particles 
be drawn back toward the sun, forming a 
crust or a curtain tending to hide the 
sun’s rays from the earth? 


It is likewise easy to prove that the 
tides are caused by expansion and con- 
traction (atomic forces) rather than by 
the gravitational attractions of the sun and 
moon ascommonly taught. Even illustra- 
tions frequently used to explain the tides 
do not make sense. 


The highest tides occur at full moon, 
when the sun’s and moon’s gravities should 
be pulling together. The conditions for a 
full moon, however, leave the sun and the 
moon in positions where their gravita- 
tional forces cancel each other. 


The weightlessness in a nearly perfect 
vacuum which we find in outer space makes 
any of our present methods of navigation 
or heat dissipation practically useless. 
All forms of inertia, acceleration, or centrif- 
ugal force depend on weight and motion, 
therefore without weight you have nothing. 


Any known method we use to keep a 
moving object on a given course depends 
on friction of some sort. Therefore in 
outer space, with no friction, there will be 
no control or stability. 


If we find that it will take a constant 
source of power discharging through many 
strategically located jets in order to try to 
keep an unstable body on a given course, 
and have to do this without recourse to 
many of the automatic gadgets we now 
use, this surely would take out much of 
the glamour and seriously limit the useful- 
ness of interspace travel. 


As for heat dissipation, on this earth 
we dissipate heat most by transferring it 
to our atmosphere. In outer space it will 
be done by emission of radiant heat only. 
My experience with “thermos jugs’’ leads 
me to believe this will be a slow and very 
inefficient process. 


Of course, during my lifetime, I have 
witnessed many miracles such as radar, 
television, supersonic speeds, etc. How- 
ever, from what I have been able to read 
about interplanetary space travel, I feel 
sure that many problems exist that have 
not up to now been given any serious 
consideration whatever, and may prove 
themselves beyond solution with our 
present understanding of the art. 


Frederick Charavay, AFIAS 


Mr. Charavay, describing himself as 
probably one of the oldest members of the 
Institute, says he will welcome comments on 
his views.—Ep. 
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. current literature of aeronautical engineering and space technology 


Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL 
sTRAcTs, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
lorce Office of Scientific Research of the 
Air Research and Development Command. 


A list of the principal periodicals re- 
ceived in the IAS Library is published 
annually in the January issue. 


The Arro/Space ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
INpEx published since 1947, provides au 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library | 
for use by the IAS Membership. | 
They are nol for sale but are made 
available through the facilities of | 
the Library. 

Lenpinc Services: Institute 
members, both Individual and | 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as a 
service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: | 


John J. Glennon, Librarian 
Institute of the | 

Aeronautical Sciences, Inc.. 
2 East 64th Street 
New York 21, New York 
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of aircraft engines. Today, Bendix is proving to be a natural for new challenges 
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propulsion systems. So, when it comes to controls, remember that Bendix has the 
background—and is anxious to share it in solving your problems. *REG. U.S. PAT. OFF. 


“end” 


AVIATION CORPORATION 


BENDIX “vision SOUTH BEND, IND. 


6 
)8 
10 
10 
10 J 
x 
10 
10 
by 
10 
10 
10 
11 
11 
1 
1 
11 
11 
| in) 
A. 


Acoustics, Sound, Noise 


Fundamentals of Acoustical Silencers. I— 
Theory and Experiment of Acoustic Low-Pass 
Filters. Juichi igarashi and Masasuke Toyama. 
Tokyo U. Aero. Res. Inst. Rep. 339, Dec., 1958. 
19 pp. 

Noise Problems with Ground 
ations of Jet Aircraft. H. Hubbard. 

NASA Memo. 3-5-59L, Mare 1959. 13 
refs. Discussion covering the nature of the noise- 
exposure problem and available methods of mini- 
mizing the noise effects on ground crews, aircraft 
structures, and the surrounding community. 


The Shock-Wave Noise Problem of Super- 
sonic Aircraft in Steady aye D. J. Maglieri 
and H. W. Carlson. U.S., NASA Memo. 3-4- 
59L, Apr., 1959. 15 pp. Study of the nature of 
the shock-wave noise problem, the significant 
variables involved, and the manner in which air- 
plane operation may be affected. 


The Transmission and Radiation of Acoustic 
Waves by Structures. L. L. Beranek. (45th 
Thomas Hawksley Lecture, London, Nov. 21, 
1958.) Chartered Mech. Engr., Apr., 1959, pp. 
162-165, 168, 169. Abridged. Discussion of 
some properties of elastic waves, presentation of a 
definition of transmission loss, and analysis of the 
reduction of transmitted sound by vibration 
damping. 


Aerodynamics, Fluid Mechanics 


Aerothermochemistry, Dissociation, 
Ablation 


_ Steady-State Surface Temperatures in Disso- 
ciated High-Speed Gas Flows. D. E. Rosner. 
J. Aero/Space Sci., June, 1959, pp. 384, 385. 12 
refs. AFOSR-supported analysis of the case of 
arbitrary surface catalytic activity in the absence 
of radiation and thermal diffusion. The impli- 
cations of the results are discussed. 


Simple Analytical Approximation to the Equa- 
tion of State of Dissociated Air. W. L. Bade. 
ARS Apr., 1959, pp. 298, 299. USAF-sup- 
ported derivation of an approximation that makes 
density a function of enthalpy and pressure rather 
than temperature and pressure. 


A Comparison of Several Approximate Theories 
of Melting Ablation. G. W. Sutton. J. Aero 
Space Sci., June, 1959, pp. 397, 398. Compari- 
son of numerical results of approximate solutions 
to those of exact similarity solutions at an axially 
symmetric stagnation point. 


A Theory for the Ablation of Glassy Materials. 
H. A. Bethe and M. C. Adams. (Avco Res. Lab. 
RR 38, Nov., 1958.) J. Aero/Space Sci., June, 
1959, pp. 321-350. 10 refs. USAF-sponsored 
research. 


Aerothermodynamics 

A Deuce Programme for the Solution of Two- 
Dimensional Heat-Flow Problems. K. I. Mc- 
Kenzie. (Gt. Brit., RAE Rep. Struc. 241, Sept., 
1958.) Gt. Brit., ARC CP 417, 1959. 19 pp. BIS, 
New York, $0.54. Development of a program to 
calculate bya finite difference method the transient 
temperature distributions in any cylindrical body, 
provided its cross section can be mapped on a 
square network in such a way that no line of the 
net crosses its boundary more than twice. The 
program requires the boundary conditions to be 
linear functions of temperature and heat flux, 
independent of time. 


The Axisymmetric Free-Convection Tempera- 
tare Field Along a Vertical Thin Cylinder. F.R. 
Hama, J. V. Recesso, and Jean Christiaens. 
(U. Md. Inst. Fluid Dynamics & Appl. Math. 
TN BN-116, Jan., 1958; TN BN-138, May, 
1958.) J. Aero/Space Sci., June, 1959, pp. 335- 
342. lirefs. AFOSR- -supported research. 


The Effect of Helium Injection at an Axially 
Symmetric Stagnation Point. H. Hoshizaki and 
J. Smith. Aero/ Space Sci., June, 1959, pp. 
ao 400. Description of the heat-transfer re- 
duction by means of helium injection for protect- 
ing the surface of a hypersonic re-entry vehicle. 


Nature’s Thermal Thicket. W. J. Christian. 
The Frontier, Spring, 1959, pp. 14-18. Descrip- 
tion of the heating problem in missile re-entry and 
of some cooling techniques. The use of heat-re- 
sistant plastics is discussed. 


Boundary Layer 


On the Continuity of the Schmidt Number at 
the Interface Between the Laminar Sublayer and 
the Outer Turbulent Region. Nathan Ness. 
J. Aero/Space Sci., June, 1959, pp. 396, 397. 
Analysis demonstrating that if the laminar 
Schmidt Number varies through the sublayer, 
the magnitude of the turbulent Schmidt Number 
cannot be arbitrarily assumed. 


Experiments on Distributed Suction a 
Rough Porous Surface. Gi. Brit., ARC R@M 
yA (June, 1951) 1959. 6 pp. BIS, New York 
$0.4 


wel Power Boundary Layer Control Coming 
for STOL Aircraft. F. G. Wagner. SAE J 
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Mar., 1959, pp. 80, 81. Brief description of the 
new low power system and of its advantages. 

Investigation of Separated Flows in Super- 
sonic and Subsonic Streams with Emphasis on 
the Effect of Transition. Appendix A—Anoma- 
lous Oil-Film Observations. Appendix B— 
Special Experiments Pertaining to the Crocco- 
Lees Theory. D. R. Chapman, D. M. Kuehn, 
and H.K.Larson. U.S.,NACA Rep. 1356, 1958. 
10 pp. 39 refs. Supt. of Doc., Wash., $0.45. 
Experimental and theoretical study of flow separa- 
tion associated with steps, bases, compression 
corners, curved surfaces, shock-wave boundary- 
layer reflections, and configurations producing 
leading edge separation. 


Influence of Shock-Wave Attenuation by 
Boundary-Layer Growth on Contact-Surface 
Motion in a Shock Tube. Jan Rosciszewski. 
J. Aero/ Space Sci., June, 1959, pp. 388, 389. 


Control Surfaces 


All-Moving Wing-Tip Controls at Subsonic, 
Sonic, and Supersonic Speeds; A Discussion of 
Available Theoretical Methods and Their Appli- 
cation to a Delta Wing with Half-Delta Controls. 
H. H. B. M. Thomas and K. W. Mangler. Gt. 
Brit., ARC R&M 3086 (July, vo 1959. 64 
pp. l6refs. BIS, New York, $4.0 


Flow of Fluids 


Hydraulic for and 
Aero/ Space Sci., June, 1939, 389- 391. 11 refs. 
na aa of flow equations showing their simi- 
arities 


Metode Numerice Pentru Studiul Miscarilor 
Axial-Simetrice ale Fluidelor Perfecte. D. 
Dumitrescu and D. Gh. Ionescu. Stud. Cerc. 
Mec. Aplic., No. 4, 1958, pp. 919-935. In Ru- 
manian, with summaries in Russian and French. 
Development of two numerical methods for the 
calculation of axisymmetric motion of ideal in- 
compressible fluids applied to two cases: (a) flow 
through a diaphragm located in a circular duct 
and (b) flow around a sphere or an ellipsoid placed 
in a circular duct. 


Priblizhennyi Raschet Raspredeleniia Dav- 
lenii Vdol’ Prepiatstviia, Raspolozhennogo v 
Sverkhzvukovom Potoke Gaza. D. Pantazopol. 
(Stud. Cerc. Mec. Aplic., No. 3, 1957.) Rev. 
Méc. Appl., No. 3, 1958, pp. 233-251. In Rus- 
sian. Development of an approximate method 
for calculating the pressure distribution along the 
nose section of a body in supersonic gas flow. The 
gas is assumed to be nonviscous and the flow two- 
dimensional, and the method of calculation per- 
mits the determination of the point of separation 
for the shock wave. 

Pressure Distribution for a Two-Dimensional 
Blunt-Nosed Body at Different Angles of Attack. 
Antonio Ferri and Victor Zakkay. J. Aero/ 
Space Sci., June, 1959, pp. 395, 396. 


The Flow Past Slender, Almost Axisymmetric 
Bodies. Appendix—Derivation of Equations for 
Velocity of a Periodically Varying Source Ring. 
F. Riegels. (Max-Planck-Inst. Strémungsforsch. 
Mitteil. No. 5, 1952.) Gt. Brit., RAE Lib. 
Transl. 779, Oct., 1958. 54 pp. 12 refs. Ex- 
tension of the method of surface distributions for 
axisymmetric bodies in axial and transverse flow 
to bodies whose shapes deviate but little from 
axial symmetry. Application is made to the el- 
lipsoid of revolution and the general ellipsoid, as 
well as to the flow over a slender body with almost 
triangular cross section. 


Inviscid Hypersonic Flow Around Blunt Bodies. 
M. Vinokur. (Lockheed Aircraft Missile Sys- 
tems Div. TR LMSD-48381, vol. II, Jan., 1959, 
pp. 1-39.) Lockheed Aircraft Missiles & Space 
Div. TN LMSD-48454, Mar. 16, 1959. 47 pp. 
22 refs Revision of earlier work taking into ac- 
count variations in density and shock curvature. 

Particle Impaction on Spheres at High Mach 
Numbers. S. K. Friedlander. ARS J., Apr., 
1959, pp. 296-298. Development of the equa- 
tions of motion for a particle in a flow between a 
detached shock wave upstream of the forward 
stagnation point. An expression is derived for 
the impaction parameter, defined as in subsonic 
flow, at which the efficiency vanishes. 


Investigation of Some Wake Vortex Character- 
istics of an — Ogive-Cylinder Body at 


Mach Number 2. Jorgensen and E. W. 
Perkins. U.S., NACA Rep. 1371, % 19 pp. 
12 refs. Supt. of Doc., Wash., $0.2 Experi- 


mental study of flow- field chasecherlatios about an 
inclined body of revolution and assessment of the 
adequacy of a simplified method for estimat- 
ing these characteristics. 


Forebody Drag Characteristics of an Ogive 
Cylinder. W. T. Strike and J. D. Whitfield. J. 
Aero/ Space Sci., June, 1959, pp. 383, 384. 


Hypersonic Flight. Bristol Quart., Winter, 
1958-1959, pp. 7-9. Examination covering the 
form of engine required for hypersonic speeds and 
the environment in which the vehicle must oper- 
ate. 

Viscous Aerodynamic Characteristics in Hyper- 
sonic Rarefied Gas Flow. Appendix A— 
Navier-Stokes Equations in Polar Coordinates. 
Appendix B—Shock Wave Conservation Equa- 
tions. R.F. Probsteinand N. H. Kemp. (JAS 
27th Annual Meeting, New York, Jan. 26-29, 
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1959, Rep. 59-62.) 


id Res, Lab. RR 48, Mar., 


1959. 64pp. 23 refs 

The Structure Liquids. J. S. 
Dahler. USA WADC 58-537 [AD 
203386), Oct., 48 refs. Review 


of the statistical theories 4 the liquid state em- 
phasizing the method of the radial distribution 
function, the cell theory, and the recent Monte 
Carlo experiments. 

Behavior of Small Permanent Gas Bubbles in a 
Liquid. II—Bubble Clouds. lII—Forced Vibra- 
tion Problem. S. A. Zwick. J. Math. & Phys., 
Jan., 1959, pp. 339-370. 

Experimental Studies of Supercavitating Flow 
About Simple Two-Dimensional Bodies in a Jet. 
Edward Silberman. J. Fluid Mech., Apr., 1959, 
pp. 337-354. 15 refs. Description of a two- 
dimensional, free-jet water tunnel together with a 
presentation of measurements on two-dimensional 
bodies (the cup, symmetrical wedge, inclined flat 
plate, and circular cylinder). Comparisons are 
made with theoretical predictions and measure- 
ments in other closed tunnels. 


A Flow Problem Solved by Strip Method. 
Gunnar Karrholm. Chalmers Tek. Hégskolas 
Handlingar, No. 208,1959. 22 pp. Study of the 
slow, steady flow of a viscous fluid perpendicular 
to parallel, regularly spaced, infinite cylinders by 
a difference method. A comparison of the ap- 
proximate solution with experimental results is 
made. 


Asupra unei Clase de Scurgeri prin Medii 
Poroase Neomogene. T. Oroveanu. Stud. Cerc. 
Mec. Aplic., No. 4, 1958, pp. 937-943. In Ru- 
manian, with summaries in Russian and French. 
Generalization of previously obtained results and 
extension to the case of stationary flow of an in- 
compressible fluid through porous media. 


Asupra Propagarii Undelor de Presiune Intr- 
un Lichid Care Curge Printr-un Mediu Poros. 
T. » ign and H. Pascal. Stud. Cerc. Mec 
Aplic., No. 3, 1958, pp. 625-640. In Rumanian, 
with aie in Russian and French. Deriva- 
tion of an equation used to study the propagation 
of pressure waves in a liquid flowing through por- 
ous media. 


Einige Betrachtungen iiber die Bewegung einer 
ae Fliissigkeit und Gas durch ein 
pordéses edium. T. Oroveanu. (Stud. Cerc. 
Mec. Aplic., No. 3, 19: 57.) Rev. Méc. Appl., No. 
2, 1958, pp. 61-70. In German. Derivation of 
basic equations applicable to the study of motion 
of liquid and gas mixtures through porous : edia. 


Cellular Convection with Finite Amn'itude in a 
Rotating Fluid. G. Veronis. J. Fluid Mech., 
Apr., 1959, pp. 401-435. 10 refs. ONR-spon- 
sored study of the cause of instability in a rotat- 
ing layer of fluid heated uniformly from below and 
cooled from above 


Finite-Amplitude Propagation Effect on Shock- 
Wave Travel Times from Explosions at High 
Altitudes. Joseph Otterman. ASA J., Apr., 
1959, pp. 470-474. Calculation of travel times 
for explosions at high altitudes to the ground. The 
work was carried out in order to improve the sys- 
tematic accuracy of the rocket grenade experiment 
for upper atmosphere temperature and winds. 


Aerodynamic Moment on Bodies Moving at 
High Speed in the Upper Atmosphere. W. A. 
Gustafson. ARS J., Apr., 1959, pp. 301-3038. 
Analysis to determine the static aerodynamic 
pitching moment about an arbitrary point on the 
body axis and for any angle of attack. Results 
are given for three body shapes: a cone, a cylin- 
der, and the spherical segment. 


Internal Flow 


Survey of Information on Recent Turboma- 
chinery Cascade Investigations. M. J. Schilhansl. 
USAF WADC TR 57-745 [AD 142223], Mar., 
1958. 141 pp. Extension of a previous survey 
to include the results of research on viscosity ef- 
fects, compressibility effects, and three-dimen- 
sional flow. 


The Measured and Visualized Behavior of 
Rotating Stall in an Axial-Flow Compressor and 
in a Two-Dimensional Cascade. Gino Sovran. 
(ASME Semi-Annual Meeting, Detroit, June 
15-19, 1958, Paper 58-SA-20.) ASME Trans., 
Ser. A - EP, Jan., 1959, pp. 24-34. Application 
of smoke-flow visualization techniques to show 
clearly the action of the flow field upstream of a 
single rotor during rotating stall. 


On the Necessity of Unsteady Flow in Fluid 
Machines. R. C. Dean, Jr. (ASME Semi 
Annual Meeting, Detroit, June 15-19, 
ASME Trans., Ser. D - BE, Mar., 1959, pp. 24 
28. Analysis showing that work can be done on, 
or by, a fluid in a frictionless flow process only 
if the flow is unsteady. The implications of this 
conclusion in the analysis of fluid machinery are 
discussed. 


Recovery Ratio—A Measure of the Loss Recov- 
ery Potential of Compressor Stages. L. H. 
Smith, Jr. Z EF Annual Meeting, New 
York, Nov. 25-30, 1956, Paper 56-A-206.) ASME 
Trans., Apr., 1958, pp. 517-524. Analysis to de- 
termine the stage parameters which govern re 
covery. A recovery ratio is defined for radial 
(axisymmetric) distortions in terms of familiar 
stage parameters. It is found that the flow coef- 
ficient (meridional velocity/blade speed) should 
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have a value near 0.5 or less, and that the stage 
loading should be light. 

Stage Performance and Radial Matching of 
Axial Compressor Blade Rows. Jeffrey Watkins 
(ASME Semi-Annual Meeting, Detroit, June 15 
19, 1958, Paper 58-SA-21.) ASME Trans., 
Ser. A - EP, Jan., 1959, pp. 13-23. Presentation 
of hypotheses concerning the nature of the flow 
between the blades and design techniques for deal- 
ing with this flow. 

Prediction of Choking Flow in Centrifugal 
Impellers. Harold Lown and F. J. Wiesner, Jr. 
(ASME Semi-Annual Meeting, Detroit, June 15 
19, 1958, Paper 58-SA-15.) ASME Trans., 
Ser. D - BE, Mar., 1959, pp. 29-36. Develop- 
ment of a method for predicting choking flow, us- 
ing a theoretical analysis of the sonic flow equa 
tions for an ideal gas in an impeller passage, com 
bined with empirical data through the derivation 
of a passage contraction ratio based upon test 
data. 

Determinarea Lungimii de Stabilizare a Mis- 
carii Turbulente a Fluidelor in Canale Largi si Con- 
ducte Circulare sub Presiune. S. Hincu. Stud. 
Cerc. Mec. Aplic., No. 4, 1958, pp. 973-982. In 
Rumanian, with summaries in Russian and French. 
Application of boundary-layer equations to de 
termine the stabilization of turbulent flow of liquid 
in channels and circular ducts under pressure. 

Steady Flow Through Non-Uniform Gauzes of 
Arbitrary Shape. J. W. Elder. J. Fluid 
Mech., Apr., 1959, pp. 355-368. 10 refs. Solu- 
tions for uniform shear and the flow through linear 
and parabolic gauzes. The validity of the solu 
tion is verified by experiment. 

On Hypersonic Similarity for Nozzles. ae H. 
Bloom. J. Aero/Space Sct., June, 1959, p. 395. 
USAF-sponsored study. 


Condensation in Nozzles. K. A. Wilde. J. 
Appl. Phys., Apr., 1959, pp. 577-580. 17 refs 
Investigation of the extent of realization of vapor 
liquid phase equilibrium in nozzles as a function 
of initial particle size, kinetic parameters, and 
nozzle dimensions. It is shown that condensa 
tion occurs only for very small particles and large 
nozzles. 

An Unusual Aerodynamic auaaniee- Tempera- 
ture Effect. Irvin Glassman and J. E. A. John. 
J. Aero/Space Sct., June, 1959, pp. 387, 388 
ONR supported study of the mixing of compres 
sible jets with quiescent air, including measure- 
ments in which stagnation temperatures along 
the centerline of the jet were greater than either 
the uniform initial stagnation temperature of the 
jet or the ambient temperature. 

Oblique Impact of a Bounded Stream on a 
Plane Lamina. Turgut Sarpkaya. Franklin 
Inst. J., Mar., 1959, pp. 229-242. Application 
of Helmholtz’s free streamline theory to deter- 
mine the contraction coefficients of two jets 
formed by a finite stream impinging obliquely 
upon a plane lamina placed between two infinite 
parallel planes. A comparison of theory and ex 
periment is made. 


Atomization in High Velocity Airstreams. M. 
A. Weiss and Ch. H. Worsham. ARS J., Apr., 
1959, pp. 252-259. Investigation of drop sizes 
obtained i in the injection of a liquid into large hot 
air streams of sustained high velocity. The re- 
sults are correlated empirically by a dimensionless 
equation. 


Jet Flaps & Wings 


Caractéristiques Aérodynamiques des Profils a 
Volet Fluide. N. N. Patraulea, L. Dumitrescu, 
(Stud. Cerc. Mec. Aplic., No. 1 
1958.) Rev. Méc. Appl., No. 3, 1958, pp. 215 
231. 14 refs. In French. Abridged. Applica- 
tion of a simple method to the determination of 
aerodynamic characteristics of jet flaps covering 
various profile shapes. 


Jet ee Thrust Recovery. 
“E.G. J. Aero/Space Sci., June, 1959, pp 
385- Experimental investigation 
indicating that complete thrust recovery has been 
obtained in two-dimensional-flow tests of a jet 
flap wing. 


Performance 


Nomogramma Logaritmico per la Determina- 
zione della Spinta Necessaria dei Velivoli Veloci. 
Mario Calcara. L’Aerotecnica, Dec., 1958, pp. 
309-314. In Italian. Presentation of a graphi- 
cal method, based on the use of logarithmic dia- 
grams, for the determination of the thrust re- 
quired for high-speed aircraft. 


Stability & Control 

Pitch-Up Problem—A Criterion and Method of 
Evaluation. Melvin Sadoff. U.S., NASA 
Memo. 3-7-59A, Feb., 1959. 14 pp. Descrip- 
tion of a method for predicting the probable rela- 
tive severity of pitch-up prior to initial flight tests. 
An illustrative example demonstrating its exten 


sion to larger aircraft is presented and the load 
aspects of the pitch-up problem are @iscussed. 


Additional Flight Evaluations of Various Longi- 
tudinal Handling Qualities in a Variable-Stability 
Jet Fighter. I, c R. Chalk. USAF 
WADC TR 57-719, Pts. 7. II [AD 142184; AD 
206071), Jan.; July, 1958. 47; 27 pp. 17 refs 


W. M. Foley and 
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Evaluation conducted by three pilots for a variety 
of short-period dynamics, stick force gradients, 
and stick displacement gradients in an F-94 
fighter, modified to permit in-flight variations of 
longitudinal handling qualities. 

Asupra Miscarii Avionului pe o Traiectorie 
Data. N. Tipei and C. Guta. Stud. Cerc. Mec. 
Aplic., No. 4, 1958, pp. 855-866. In Rumanian, 
with summaries in Russian and French. Study of 
the dynamic behavior of aircraft covering motions 
along a given trajectory in the vertical plane. 
Load coefficients are determined and a synthesis is 
derived which can be analyzed by means of the 
obtained results. 

Neustanovivsheesia Dvizhenie Samoleta v 
Gorizontal’noi Ploskosti. N. Tipei. Rev. Méc. 
Appl., No. 3, 1958, pp. 199-213. In Russian 
Study of the nonsteady motion of aircraft along a 
given trajectory in the horizontal plane. The cases 
covered include: horizontal trajectories with a 
constant angle of attack; accelerated motion 
along a circular trajectory; trajectories with a 
constant lateral inclination; and trajectories with 
a constant tangential inclination. 


Wings & Airfoils 


Nonlinear Airfoil Theory for Rectangular view 
in Compressible Flow. Klaus Gersten. (ZF 
Sept., 1957, pp. 276-280.) U.S., 
3-2-50W, Feb., 1959. 14 pp. 
tion 

An Improvement of the Velocity Distribution 
Predicted by Linear Theory for Wings with 
Straight Subsonic Leading Edges. D. G. Ran- 
dall. Gt. Brit., ARC CP 418 (Sept., 1958) 1959. 
20 pp. BIS, New York, $0.54 

Low-Speed Tests of Semispan- wae Models at 
Angles of Attack from 0° to 180°. D. G. Koenig. 
U.S., NASA Memo. 2-27-59A, Apr., 1959. 21 
pp 1 1 rets. Presentation of experimental data 
for swept- and unswept-wing models with aspect 
ratios from 2 to 6. Except for an aspect-ratio-2 
delta wing, all models had a taper ratio of 0.5 
and an NACA 64010 airfoil section. Lift, drag, 
and pitching-moment coefficients are presented. 

The Shape of the Centre Part of a Swept-Back 
Wing with a Required Load Distribution. J. 
Weber. Gt. Brit., ARC R&M 3098 (May, 1957) 
1959. 34 pp. BIS, New York, $2.16. 

Note on the Lift Slope, and Some Other Prop- 
erties, of Delta and Swept- Back Wings. E. F 
Relf. Gt. Brit., ARC R@&M 3111 (June, 1952) 
1959. 9 pp. BIS, New York, $0.63. 

The Kutta Condition and the Condition for 
Minimum Drag. R. T. Jones. J. Aero/Space 
Sci., June, 1959, pp. 382, 383. Evaluation of pre 
viously derived conclusions with an illustration of 
two methods by which the mathematical model of 
trailing edge singularity can be interpreted in a 
practical sense. 

Basic Pressure Measurements at Transonic 
Speeds on a Thin 45° Sweptback Highly Tapered 
Wing with Systematic Spanwise Twist Variations; 
Wing with Quadratic Spanwise Twist Variation. 
J. P. Mugler, Jr. U.S... NASA Memo. 2-24- 
59L, Apr., 1959. 148 pp. 

Note on the Flow Around Delta Wings with 
Sharp Leading Edges. G. H. Lee. Gt. Brit., 
ARC R&M 3070 (Sept., 1955) 1958. 22 pp. 
BIS, New York, $1.44. Results of tests to de- 
duce the flow patterns of the wings and to es- 
tablish some properties of such flows. 


Théorie Générale de l’Aile Triangulaire a Dis- 
tribution de Pressions Donnée (le Probléme In- 


NASA RE 
ll refs. Transla- 


direct). E. Carafoli and M. Ionescu. (Stud. 
Cerc. Mec, Aplic., No. 2,1958.) Rev. Méc. Appl., 
No. 2, 1958, pp. 5-21. In French. Develop- 


ment of a general theory for triangular wings with 
a given pressure distribution. 

A Note on the Relation Between the Amounts of 
Body Waisting and of Zero-Lift Wave Drag Re- 
duction at Transonic Speeds. W.T. Lord. Gt. 
Brit., RAE TN Aero. 2588, Oct., 1958. 8 pp. 
Application of the sonic area rule to particular 
examples of a wing-body combination and an iso- 
lated body. 


Aeroelasticity 


Graphical and Tabulated Data on the Frequency 
and Modal Characteristics of Swept Cantilevers. 
A. H. Hall, H. A. Tulloch, H. F. L. Pinkney, and 
A. C. Sarazin. Canada, (NAE LR 193, 1957) 
NAE Rep. 23, 1958. 74 pp. Presentation of 
charts for frequency coefficients as a function of 
angle of sweep, aspect ratio, and rigidity ratio, 
together with interpolation tables covering the 
corresponding modes and running amplitude 
ratios 

The Distribution of Gusts in the pemormbare: 
An ee of U.K. and U.S. Data. I. 
Bullen. Gt. Brit., ARC CP 419 (June, 1958) 
1959. 15 pp. 20'refs. BIS, New York, $0.7 

Atmospheric Turbulence Encountered by Bris- 
tol Freighter Aircraft in United Kingdom, West 
Africa and New Zealand. J. R. Heath-Smith. 
Gt. Brit., RAE TN Struc. 251, Oct., 1958. 22 pp. 


Aeronautics, General 


Aircraft Engineering in the United States of 
America. The Engr., Apr., 1959, pp. 612, 613. 


Discussion covering new materials and procedures 
along with other determinant factors in the air 
craft industry. 


Research and Development Management in 


the Aero/Space Age. M. C. Demler. Aero 
Space Engrg., June, 1959, pp. 35, 36. Discussion 
showing to what degree planning and programing 
procedures, as well as adequate documentation 
and dissemination of technical information, are 
essential. 


Air Transportation 


World Airline Directory. Flight, Apr. 17, 
1959, pp. 531-560. Comprehensive guide to the 
air transport industry covering about 500 opera 
tors, as well as the latest available scheduled 
traffic statistics. 

More Cargo Ton-Miles Than Passenger Ton- 
Miles by 1970. D.W. Douglas, Jr. Air Transp., 
Apr., 1959, pp. 21-24. Discussion of the status 
and requirements of present commercial air 
freight carriers, and of the effects of increased 
cargo transportation. 

The Priceless Factor—-The Cost of Time. E. 
= Cassady. Air Transp., May, 1959, pp. 20, 

-34. Discussion of the importance of the time 
dior for combat readiness of the Air Force. 
The evolution of air freighting is considered. 

Financing the Jets. I-—-Monetary Problems 
of the Transition to Turbine Transport. II- 
Problems of the Transition to Turbine Transport. 
Stanley Oates. Flight, Apr. 17; 24, 1959, pp. 
521-523; 571. 


Airplanes 


Supersonic Turning-Point. Victor Goddard. 
Shell Av. News, Feb., 1959, pp. 14-17. Discus- 
sion of the design of a long-range supersonic 
transport in terms of lift/drag ratio versus gross 
weight. It is concluded that an aircraft with a 
variable-sweepback wing would fulfill the speed, 
range, and economic specifications more easily 
than a pivoted-engine VTOL type. 


Air Conditioning, Pressurization 


Study of Evaporative Heat Transfer in Air-to- 
Air eat Exchangers. Appendix I—Mass 
Transfer. J. L. Mason and J. Fukuzawa. Ap- 
pendix I1--Heat Transfer Analysis as Applied to 
Compact Heat C. Wright 
USAF WADC TR 56-200 [AD 151092), Apr., 
1958. 203 pp. Inv naieation of the mechanism 
of wet heat transfer under simple boundary condi- 
tions - i.e., flow of air through round tubes at 
nearly constant wall temperature, and tests of 
heat exchangers where evaporation, condensation, 
or both, are occurring 

Study of Aircraft Heat Exchanger Pressure 
Drop and Ram Air Circuit Parameters. Appen- 
dix——Arithmetical Integration of Compressible 
Flow Equations. J. E.Coppage. USAF WADC 
TR 57-612 [AD 151080}, Apr., 1958. 57 pp. 12 
refs. Analytical and experimental investigation 
of the pressure drop characteristics of ram-air 
circuits. A brief study of drag associated with 
ram-air heat exchanger circuits is made, and ex- 
perimental results on transition duct pressure 
losses are presented. 

Development Study of a Titanium Air-to-Air 
Heat Exchanger. R. E. Lear. USAF WADC 
TR 54-453 [AD 151156|, May, 1958. 84 pp. 
19 refs. Study of optimum characteristics for 
titanium heat exchangers. An attempt was also 
made to develop techniques for the furnace braz- 
ing of titanium cores 


Control Systems, Automatic Pilots 


How a Load Sensitive Flight Control System 
Works. John Burnett and Don Moses. Appl 
Hydraulics & Pneumatics, Apr., 1959, pp. 110- 
113, 120. Discussion of the load-sensitive system 
which maintains a small constant pressure drop 
across a control valve allowing system pressure to 
vary with load. Power is provided proportional 
to the load demand. Two types are described 
and their efficiencies are compared. 

Ground Simulator Studies of a Nonlinear 
Linkage in a Power Control System. Arthur 
Assadourian. U.S., NASA Memo. 2-15-59L, 
Apr ,1959. 18pp. Determination of the quality 
of the control system, with and without the non- 
linear linkage installed, in terms of the ease and 
precision with which various tracking tasks were 
accomplished, and comparison of the tracking 
characteristics of a normal linear control system 
with a system having various amounts of non 
linear gearing. 


Description 


Griffon. André Tureat. Shell Av. News, 
Mar., 1959, pp. 14-18. Discussion of the devel- 
opment and the aerodynamic hehavior of the 
Griffon. Heat, fuel supply, and various test prob- 
lems are considered. 


Lockheed Electra; Flight Evaluation. F. E. 
Davis. Shell Av. News, Feb., 1959, pp. 2-6. 
Includes such factors as choice of engine, minimiz- 
ing failures, reliable hydraulics, and fuel capac- 
ity. 
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This one new product 
answers 4 basic thermal 
and mechanical requirements 


high heat capacity 
plus erosion resistance 


high strength 


1 New Min- 


Combines the capabilities of asbestos-reinforced plastic 
with the dramatically low conductivity of MIN<K) insulation! 


New Min-Klad insulation may well be 
the most significant advance ever made 
in missile and rocket insulation. 


Developed by Johns-Manville re- 
search scientists, Min-Klad is the only 
product of its kind, a permanent lami- 
nation of the missile industry’s two most 
effective high-temperature materials: 
1) reinforced plastic and 2) J-M’s 
recently developed Min-K insulation. 


Does more than plastic alone 


Min-Klad gives the missile designer all 
the advantages of high-temperature 
plastic: Strength, toughness, rigidity! 
Erosion resistance! High heat capac- 
ity! Yet Min-Klad does more. 

It also insulates . . . and with dra- 
matic effectiveness! Its insulating ele- 
ment is J-M’s Min-K, an insulation with 
thermal conductivity that is actually 


lower than the molecular conductivity 
of still air. And this conductivity 
(already less than half that of the best 
fibrous insulations) drops still further 
with altitude. At 10 miles, for example, 
it is decreased by as much as 40%, with 
further decreases at greater altitudes. 


Wide range of applications 


Min-Klad offers the missile and rocket 
designer a rich choice of heat-control 
possibilities. It may be used for a part 
that must insulate, yet have the struc- 
tural advantages of plastic. Where re- 
quirements call for a scuff- and erosion- 
resistant insulating surface...or for a 
good adhesive bond between Min-K 
insulation and other surfaces. Or, it 
may be used to control high transient 


s engineered and mo 


es new MIN-KLAD Insulation! 


ded to your design requirements. 


temperatures! For high heat capacity 
of asbestos-reinforced plastic combined 
with the low conductivity and heat ca- 
pacity of Min-K result in a product that 
provides minimum heat transfer under 
transient conditions. 


Min-Klad is now being tested for ap- 
proximately two dozen missile and 
rocket designs. Why not investigate this 
new material for your present thermal 
requirements? Upon request, we'll be 
pleased to send you a sample of the 
material along with detailed technical 
information. Write Johns-Manville, 
Box 14, New York 16, New York. (Ask, 
too, for information on Min-K insula- 
tion and the new aviation insulation 
brochure IN-185A.) In Canada: Port 
Credit, Ontario. 
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STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


ELECTRGNICS AND COMMUNICATION FOR HOME, INDUSTRY AND DEFENSE 
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1400 NORTH GOODMAN STREET + ROCHESTER 3,N. Y. 


AVAILABLE NOW FOR 
ANY WEAPONS SYSTEM: 
SCATE — Stromberg -Carlson 
Automatic Test Equipment 


e Completely solid state; modular. 
e Punched Mylar tape with photo- 
electric reader programs tests at 
rates up to 7,000 bits per second. 
e Tests any weapons system, com- 
ponent or sub-assembly. 

e Follows weapons system from 
prototype to operational status. 

e Self-checking; self-calibrating. 

e Detailed fault location down to 
the smallest resistor. 

e Provides rapid HI-GO-LO and 
numerical evaluation as well as 
permanent printed record. 

e Reduces cost and time of design- 
ing test equipment for each indi- 
vidual requirement . . . because 
most modules are standard. 

e In a typical case, SCATE has 
reduced a 12-hour manual testing 
program to less than 5 minutes — 
a reduction of over 99%. 

Today’s SCATE system —cur- 
rently in production for an ad- 
vanced weapons system — is equal- 
ly applicable to those of tomorrow. 

H. C. Sager, Manager of Sales, 
is available to discuss your specific 
application. Literature on request. 


Engineers with expe- 
rience in the above 


Ww 


area may contact the 
Manager of Techni- 
cal Personnel at the 
address below. 
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Handley Page Victor -Development of a Cres- 
cent-Winged V-Bomber. The Aeroplane, Mar. 
27, 1959, pp. 372-376. Development and design 
characteristics of the bomber aircraft. 

Overall Capability is Key to N-156F Design. 
Irwin Stambler. Space/ Aeronautics, May, 1959, 

p. 52-55. Aerodynamic, structural, and main- 
tenance features of a lightweight fighter designed 
by Northrop. 

How Lightweight Materials Will be Used in 
the Convair 880 Jet. Aluminum Provides 
Safe, Efficient Structure, T. L. Heid. II—-Rein- 
forced Plastics Provide Light Weight, Good Ap- 
pearance, H. H. Rosenbaum. Materials in Des. 
Eng., Apr., 1959, pp. 100-104. 

Turbo-Ramijets re for Mach 2-3. Denis 
Desoutter. Space/Aeronautics, May, 1959, pp. 
61, 62,66. Design ‘and performance characteris- 
tics of the Nord Griffon II, powered by a subsonic 
turbojet mounted centrally in a ramjet duct. 
Theory and advantages of the turbo-ram-jet 
combination are discussed, and thrust coefficient 
curves are shown. 


Designing for Safety; An Assessment of the 
Fail Safe Philosophy. Bristol Quart., Winter, 
1958-1959, pp. 21-24. Discussion including the 
purposes of fail-safe design; types of possible 
structural failure; examples for two different 
structures, one with a single member and the 
other with three; and test results on a Britannia 
fuselage section. 


Fuel Tanks 


Design Considerations of the DC-8 Fuel Sys- 
tem. M. A. O'Connor and W. B. King. (SAE 
Natl. Aero. Meeting, Los Angeles, Sept. 24-Oct. 4, 
1958, Preprint 89A.) Esso Air World, Jan.-Feb., 
1959, pp. 91-97. 


Landing Gear 


A Study of Experimental Techniques for the 
Measurement of Static and Dynamic Tire Pa- 
rameters ie to Nosegear Shimmy. A. G. 
Fonda. USAF J TR 57-390 [AD 155798), 
Aug., 1957. 57 pp. Presentation of measure- 
ments of static compliance, lateral load shift, 
yawed-rolling compliance, and circumferential 
creep due to braking on two types of aircraft tires 
at various inflation pressures and vertical loads. 


Tire-to-Surface Friction Especially Under Wet 
Conditions. : . Sawyer, S. A. Batterson, 
and E. N. Harrin. U.S., NASA Memo. 2-23-59L, 
Mar., 1959. 13 pp. Results of the tire-to-sur- 
face friction measurements in braking on runways 
under various surface conditions are presented 
and compared for a C-123 airplane and a friction 
cart. 


Relaxation Characteristics of Pneumatic Tires. 
J. E. Stevens. J. Aero/Space Sci., June, 1959, 
pp. 343-350. Development of the differential 
equations required to define the relaxation behav- 
ior of pneumatic tires, and of equations defining 
the forces and moments applied to the wheel 
through the tire during the relaxation process. 


Landing, Landing Loads 


Flight Investigation of an Automatic Throttle 
Control in Landing Approaches. L. J. Lina, R 
A. Champine, and G. J. Morris. U.S., NASA 
Memo. 2-19-59L, Mar., 1959. 8 pp. _ Investiga- 
tion showing that air speed can be maintained 
satisfactorily by automatic throttle control. The 
effects of turbulent air are considered. 


The Alpha Approach. C. E. Myers, Jr. /n- 
teravia, Apr., 1959, pp. 385-389. Review of the 
landing problems faced by modern fighter pilots, 
and evaluation of landing techniques and aids. 


A Comparison of T-wo Types of Visual Approach 
Aid. R. H. Day and J. R. Baxter. Australia, 
ARL Note HE. 4, Jan., 1959. 38 pp. Investiga- 
tion of the principles of glidepath guidance used 
in the angle of approach indicator and the preci- 
sion visual glidepath systems. 

The Effect of Lift-Drag Ratio and Speed on the 
Ability to Position a Gliding Aircraft for a Landing 
on a 5,000-Foot Runway. J. P. Reeder. U.S., 
NASA Memo. 3-12-591, Apr., 1959. 10 
Description of flight tests, covering the largest 
possible range of lift-drag ratios and speeds, for 
determining the capability of positioning. Re- 
sults are discussed. 


Study of Taxiing Problems Associated with 
Runway Roughness. Appendix Determination 
of Average Peak Roughness Amplitude. Benja- 
min Milwitzky. U.S., NASA Memo. 2-21-59L, 
Mar., 1959. 12 pp. Study of available statisti- 
cal data on airplane taxi operations, considering 
the profiles and power spectra of four selected 
Tfunways covering a wide range of surface rough- 
nesses. The loads resulting from taxiing over a 
range of speeds are considered, and new criteria for 
tunway and taxiway smoothness are proposed. 


Operating Characteristics, Economics 


Three Models for Three Ranges—-The Boeinz 
707. J. E. Steiner. Mech. Eng., May, 1959, pp. 
46-49. Discussion of the special airline advan- 
tages of related airplanes and description of the 

ing “‘family’’ series of jet transports. 


Air Transport and Its Future. George Gardner. 
Flight, Apr. 24, 1959, pp. 569, 570. Abridged. 
Summary covering the trend of costs, the poten- 
tial of freight, the advantages of laminar flow and 
high-speed flight, and the feasibility of VTOL and 
STOL aircraft. 


Prestazioni Ottime. degli Aerotrasporti. Re- 
nato Vannutelli. (3rd Europ. Aero. Congr., 
Brussels, Sept. 22-27, 1958.) L’Aerotecnica, 
Dec., 1958, pp. 327-337. In Italian. Descrip- 
tion of means useful in determining optimum 
performances of airliners, such as maximum traf- 
fic per flying hour and maximum kilometric 
revenue. 

Variations on a Freighting Theme. Jhe Aero- 
plane, Apr. 10, 1959, pp. 431-433. Comparison 
of the present air-cargo market prospects and fleet 
requirements using the Britannic and the CL-44. 

Future Transport Possibilities. George Gard- 
ner. The Aeroplane, Apr. 10, 1959, pp. 426, 427. 
Abridged. Brief discussion of prospects for lam- 
inar flow, VTOL/STOL aircraft, hypersonic 
gliders, and, especially, supersonic transports. 


Flight Studies of Problems Pertinent to Low- 
Speed Operation of Jet Transports. Jack Fi- 
schel, S. P. Tx Mag F G. H. Robinson, and R. A. 
Tremant. U.S.. NASA Memo. 3-1-59H, Apr., 
1959. 21 pp. Inv estigation of the take off and 
landing and the relation of these maneuvers to 
the lg stall speed and stalling characteristics. 
Take-off studies included evaluation of the factors 
affecting the take-off speed and attitude, includ- 
ing the effects of premature rotation and of over- 
rotation on ground required. The approach and 
landing studies pertained to such factors as: 
lateral control requirements: desirable lateral- 
directional damping characteristics; space-posi- 
tioning limitations during approach under VFR 
and IFR conditions; and evaluation of factors 
affecting the pilot's choice of landing speeds. 


Flight Studies of Problems Pertinent to High- 
Speed Operation of Jet Transports. S. P. Butch- 
art, Jack Fischel, me A. Tremant, and G. H. 
Robinson. U.S., NASA Memo. 3-2-59H, Apr., 
1959. 17 pp Investigation of potential oper- 
ational problems of jet transports in the transonic 
cruise range. Some of these include: (1) an 
overall evaluation of longitudinal stability and 
control characteristics, (2) the effect of buffeting 
on airplane operational speeds and maneuvering, 
(3) the desirable lateral-directional damping char- 
acteristics, (4) the desirable lateral-control char- 
acteristics, (5) an assessment of overspeed and 
speed-spread requirements, including the upset 
maneuver, and (6) an assessment of techniques 
and airplane characteristics for rapid descent and 
slow-down. 


The Role of the Automatic Flight Control Sys- 
tem in All-Weather Jet Aircraft Operations. R. 
V. Bruland. IJnteravia, Apr., 1959, pp. 376-378. 
Analysis covering the realization of automatic 
flight control as an inevitable consequence of the 
rapid aeronautical advances. The automatic 
landing systems, the course indicator, and the ap- 
proach horizon are considered. 


Hail and Thunderstorm Damage. H. W. 
Fleming. Air Line Pilot, Feb., 1959, pp. 8-11. 
Study of damage caused by atmospheric phe- 
nomena and means of reducing it. 


Piloting 


Broad Outline of Aircraft PrK Pilot's Appre- 
ciation. W. J. Potocki. (CAI-I1AS Joint Meet- 
vr Ottawa, Oct. 7, 8, 1958, Preprint 860.) Can. 

Aero. J., Apr., 1959, pp. 143-154. 


Point of Decision. “ K. Collins. Air Line 
Pilot, Feb., 1959, pp. 6, Comparative discus- 
sions of the go-no-go and ‘the single point decision 
take-off procedures showing the advantages of 
the latter. 


Seating 


Seat-Manufacture; Manufacture of a Luxury 
Chair for the Comet 4. Aircraft Prod., May, 
1959, pp. 194-201. 


Airports 


Button Lights Look Good Down Runway Cen- 
terline. Chuck Banfe. Bus./Coml. Av., Apr., 
1959, pp. 40-42. Evaluation, with both light 
and four-engine aircraft, of runway lights for 
runway identification, glare, and roughness as 
the wheels pass over them during take off and 
landing. 


Aviation & Space Medicine 


Medical Aspects of Civil Jet Air Transport 
Operations. K.G. Bergin. (J. Av. Med., Jan., 
1959, pp. 22-28.) Air Line Pilot, Feb , 1959, 
pp. 3-5, 14, 15. 


Multiple Observations of Signals in Noise. 
J. A. Swets, E. F. Shipley, M. J. McKey, and D. 
M. Green. ASA J., Apr., 1959, pp. 514-521. 
USAF-supported description of a series of experi- 
ments on the general properties of the hearing 
process. From the relation between gain in de- 
tectability that results from additional observa- 
tions and the type of signal and noise employed, 
certain inferences can be made. 


Use of Altitude Chamber in the Diagnosis and 
Disposition of Problem Aeromedical Cases. Ch. 
A. Berry and A. H. King. (Aero Med. Assoc. 
29th Annual Meeting, Wash., Mar. 26, 1958.) 
J. Av. Med., Apr., 1959, pp. 258-267. 

Transport of Life in the Dried or Frozen State. 
A. S. Parkes and A. U. Smith. (Brit. Interpl. 
Soc. Symposium, London, 1958.) Space, Jan.- 
Mar., 1959, pp. 22-24. Reprint. Discussion of 
modern biological ‘knowledge of the resistance of 
living organisms to freezing, drying, and lack of 
oxygen. 

On the Detection of Extremely — Changes 
in Sound Intensity. J. F. Jerger, J. L. Shedd, 
and Earl Harford. USAF SAM Kep. 58-127, 
Nov., 1958. 9 pp. 26 refs. 

Human-Factors Requirements for Putting a 
Man in Orbit. S. J. Gerathewohl and G. R. 
Steinkamp. Astronautica Acta, Fase. 1, 1959, 
pp. 73-81. Discussion of the obstacles encoun- 
tered in placing a man in space. It is concluded 
that the biological sciences have accumulated the 
necessary information for putting a man in orbit, 
but there is still an engineering gap that must be 
closed in order to assure an acceptable degree of 
safety for survival. 

> of Low G Tolerance. G 

Zuidema, S. Cohen, and A. J. Silverman 
C SAF WADC TN 57-268 [AD 130918), July, 
1958. 12 pp. 15 refs. 

Effect of Water Immersion on Human Toler- 
ance to Forward and Backward Acceleration. 
Stuart Bondurant, W. G. Blanchard, N. P. 
Clarke, and Franklin Moore. USAF WADC 
TR 58-290 [AD 155808}, July, 1958. 10 pp. 
Investigation showing that, with proper position- 
ing, acceleration time tolerances were in excess of 
twice any previously reported. 


The Spatial Vectorcardiogram During Accel- 
eration. Stuart Bondurant and W. A. Finney. 
USAF WADC TR 58-263 [AD 155653}, June. 
1958. 8 pp. Study of electrocardiographic and 
spatial vectorcardiographic effects for several pat- 
terns of positive, negative, and transverse accel- 
erations. 

Human Tolerance to Prolonged Forward and 
Backward Acceleration. N. P. Clarke and Stuart 
Bondurant. USAF WADC TR 58-267 {AD 
155749), July, 1958. 29 pp. 30 refs. Presen- 
tation of a definition for optimal body positions 
for both forward and backward acceleration. 
Using a rate of onset of 0.5 g per sec. plateaus be- 
tween 2 g and 12 g were maintained with subjects 
optimally positioned, until subjective loss of a 
critical faculty occurred. 

Psychologic and Bioelectric A t of G- 
Suit Protection. A. J. Silverman, S. I. Cohen, 
G. D. Zuidema, and L. L. Vickery. USAF WA- 
DC TN 56-400 [A D 97278), Oct., 1958. 9 pp. 


Developmental History of the ee s Full 
Pressure Suit in the U. S. Navy. Ch. Gell, 
E. L. Hays, and J. V. Correale. ry at Med. 
Assoc. 29th Annual Meeting, Wash., Mar. 24, 
1958.) J. Av. Med., Apr., 1959, pp. 241-250. 


Explosive Decompression Studies with Ani- 
mals Wearing Full Bladder Suit and Helmet. 
(Aero Med. Assoc. 29th Annual Meeting, Wash., 
Mar. 24, 1958.) J. Av. Med., Apr., 1959, pp. 
251-257. 13 refs. Study of unanesthetized ani- 
mals showing no significant gross pathology fol- 
lowing explosive decompression through 10 and 
14 psi. Two possible explanations for the es- 
sentially normal-appearing lung fields are dis- 
cussed. 

Extending Human Tolerance to Heat by Prior 
Body Cooling. J. H. Veghte and Paul Webb. 
USAF WADC TR 58-412 [AD 205544], Sept., 
1958. 16 pp. 17 refs. Test results showing 
that as the time of precooling increases, the aver- 
age tolerance time in heat is correspondingly 
greater. Recruitment of sweating in heat is in- 
hibited by prior body cooling. 


Aircrew Fatigue Problems During Extended 
Endurance a Phase I: Planning. O. S. 
Adams. USAF WADC TR 57-510 [AD 130- 
983|, May, 1958. ef pp. 129 refs. Discussion 
vf an experimental program to determine the ef- 
fects of confinement-induced stresses on a five- 
man crew isolated in a flight station for a period of 
120 hours. 

First Man in Space Will be Like a Prisoner in 
Solitary Confinement. Cyril Cunningham. 
(Brit. Interpl. Soc. Symposium, London, 1958.) 
Space, Jan.-Mar., 1959, pp. 17-21. Reprint. 
Discussion of the probable effects of confinement, 
sensory isolation, impoverishment, and _ sleep 
deprivation. 

Cockpit of First Spaceship May be Like a 
‘“‘Padded Cell.’’ M. P. Lansberg. (Brit. In- 
terpl. Soc. Symposium, London, 1958.) Space, 
Jan.-Mar., 1959, pp. 25-27. Reprint. Dis- 
cussion of problems arising from continual 
weightlessness. These include: (1) air cir- 
culation can no longer be induced by convection, 
(2) body perception will lack gravitational clues, 
and (3) all muscular activity intended to move an 
object will have to be relearned. 

The Development of Dynamic Flight Simula- 
tion. J. D. Hardy and C. C. Cl lark. Aero/ 
Space Engrg., June, 1959, pp. 48-52. Discus- 
sion of methods for incorporating acceleration 
into the flight simulator. 


Human Pilot Dynamic Response in Flight and 
Simulator. Edward Seckel, I. A. M. Hall, D. 
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T. McRuer, and D. H. Weir. 
TR 57-520 [AD 130988), Aug., 1958. 58 pp. 
Experimental investigation to determine the dif- 
ferences in pilot tracking behavior resulting from 
differences between flight and ground simulator 
control environments. Results of statistical 
analyses of describing function and linear cor- 
relation data are presented. 


The Use of Color in Coding piers. D. W. 
Conover and C. L. Kraft. USAF WADC TR 
55-471 [AD 204214), Oct., 1958. 16 pp. 46 
refs. Study made in order to (a) determine the 
maximum number of absolutely identifiable hues, 
‘b) construct an ‘‘equal-discriminability”’ scale of 
hues, and (c) validate the scale on an independ- 
ent population sample. 


An Elastic Tube Theory of Pulse Transmission 
and Oscillatory Flow in Mammalian Arteries. 
Appendix—Tables for Pulse-Velocity and ry 
Calculations. J.R. ey USAF WADC 
TR 56-614, Jan., 1957. 238 p 22 refs. De- 
velopment of the concent ofa walled elastic 
tube as a rough working model of an artery, and 
deduction of relationships that can be tested ex- 
perimentally from a solution of the equations of 
motion of such a tube. The theory of pulse- 
wave transmission and the relationships between 
pulse pressure, rate of flow, and radial expansion 
are demonstrated as parts of a single logical 
structure. Comparisons with experimental re- 
sults are made. 


Visco-Elastic Losses in Tissues in the Ultra- 
sonic Range F. Hueter. F WADC 
TR 57- 700" ‘TAD 142171}, Aug., 1958. 87 pp. 
4l refs. Review of various loss mechanisms that 
may occur in animal tissues or in other line col- 
loids. The propagation of ultrasonic waves is 
accompanied by a loss of vibrational energy whose 
frequency dependence is characteristic of the 
structural properties of the medium. 


Iron Metabolism in the Polycythemia of High 
Altitudes. César Reynafarje, Rodolfo Lozano, 
and José Valdivieso. USAF SAM Rep. 58-96, 
Sept., 1958. 19 pp. 34 refs. 


Cardiac Arrhythmias in Experimental oppere: 
George Dermksian and L. E. Lamb. US 
SAM Rep. 59-16, Nov., 1958. 17 pp. 


Plasma Corticosteroid besa in Aircrewmen 
After Long Flights. H. B. , C. H. Kratoch- 
vil, and J. P. Ellis, Jr. USAF 'S "AM Rep. 59-15, 
Dec. , 1958. 3 pp. 


Indices of Signal Detectability Obtained — 
Various Psychophysical Procedures. J. 
Swets. ASA J., Apr., 1959, pp. 511-513. tsar. 
supported estimation of the index of detectability 
from data collected using the forced-choice 
method with different numbers of alternatives, 
and the yes-no method. 


The Technique of Studying Disturbances of 
Consciousness at Altitude. Ch. A. Sarnoff and 
C. E. Haberer. J. Av. Med., Apr., 1959, pp. 
231-240. Presentation of a technique for the 
planning and objective monitoring of diagnostic 
altitude chamber flights and for the establishment 
of the necessary electronic monitoring devices. 


Determination of Effective Dead Air Space of 
Aviators’ Respiratory Equipment by Physiologic 
Measurement. E. L. Michel and H. S. Sharma. 
(Aero Med. Assoc. 29th Annual Meeting, Wash., 
Mar. 28, 1958.) J. Av. Med., Apr., 1959, pp. 
280-286. 

Closed Breathing-Ventilating Systems Using 
Recirculated Oxygen. Paul Webb. (Aero Med. 
Assoc. 29th Annual Meeting, Wash., Mar. 26, 
1958.) J. Av. Med., Apr., 1959, pp. 273-279. 


A Photosynthetic Gas Exchanger Capable of 
Providing for the Respiratory Requirement of 
Small Animals. R. D. Gafford and Ch. E. Craft. 
fee SAM Rep. 58-124, Jan., 1959. 

11 refs 


Study of a Photosynthetic Gas Exchanger as a 
Method of Providing for the Respiratory Require- 
ments of the Human in a Sealed Cabin. Jack 
Myers. USAF SAM Rep. 58-117, Nov., 1958. 
17 pp. 10 refs. 


USAF WADC 


13 pp. 


Chemistry 


Research on Fluoroaromatic Polymers for 
High-Temperature and  Radiation-Resistant 
Materials. Tech. News Bul., Apr., 1959, pp. 76- 
79. Synthesis and properties of several compo- 
nents such as hexafluorobenzene and perfluoro- 
aromatic ethers. 


Interactions Between Ground-State Nitrogen 
Atoms and Molecules. J. T. Vanderslice, E. A 
Mason, and E. R. Lippincott. U.S., NASA 
Memo, 4-13-59W, Apr., 1959. 29 pp. 26 refs 
Calculation, based on experimental data and ap- 
proximate quantum-mechanical calculations, of 
potential-energy curves for N-N, N-Ne, and No- 
Ne interactions 


Semi-Micro Determination of ee ane Phos- 
phorus in 4 4 Compounds. T. W. Fen- 
nell and J. R. Webb. Gi. Brit., R Chem. 
1340, Nov., 1958. 10 pp. 16 refs. 


The Pyrolysis of Dicarboxylic Acid Esters. I— 
Use of the Isotensiscope in Kinetic Studies of 
Pyrolysis. D. J. Barke. Git. Brit., RAE TN 
Chem. 1341, Nov., 1958. 26 pp. 14 refs. 
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Computers 


A New Concept in Computing. R. L. BS iging- 
ton. JRE Proc., Apr., 1959, pp. 516-523. 13 
refs. Description of a concept using the hai of 
a sime-wave signal as an information-bearing 
medium which, together with majority logic, per- 
mits the realization of logic operations. 

The SHARE 709 System. I—A Cooperative 
Effort, D. L. Shell. II—Programming and Modi- 
fication, I. D. Greenwald and Maureen Kane. 
IlI—Machine Implementation of Symbolic Pro- 
gramming, E. M. Boehm and T. B. Steel, Jr. 
IV—Input-Output Translation. V. J. DiGri and 

E King. V— Input- Output 
Buffering, Owen Mock and Ch. J. Swift. - 
Supervisory Control, Harvey ae and I. V. 
Boldt, Jr. Assoc. Comp. Mach. J., Apr., 1959, 
pp. 123-155. 

Magnetics for Computers—A Survey of the 
State of the Art. J. A. Rajchman. RCA Rev., 
Mar., 1959, pp. 92-135. 44 refs. 

Use of an Electronic Analogue Computer with 
Resistance Network Analogues. J. Ph. K. Altes. 
Brit. J. Appl. Phys., Apr., 1959, pp. 176-180 
Description of a method for solving partial dif- 
ferential equations of the elliptical type. Al- 
though the method is iterative, the adjustments 
are made automatically by means of electronic 
memory elements and a switching mechanism. 


Unifying Design Principle for the wae re 
Network Analogue. F.C. Gair. Brit. J. Appl. 
Phys., Apr., 1959, pp. 166-172. 12 refs. ‘Pres- 
entation of the cell method of MacNeal as a gen- 
eral method for the design of resistance network 
analogs 

On-Line Comgrieien with General Purpose 
Computers. L. Control (Data 
Control), Apr., 19; 59, 2 DC-10 DC. Discus- 
sion of the sharaateliaiie and application of low 
cost computers for on-line data processing and 
control 

Contribution to Statistical Designing of Sam- 
pled-Data Control System. T. Nishimura. U’. 
Calif. Inst. Eng. Res., Ser. 60/1210 (AFOSR TN 
58-613) [AD 162141], July 31, 1958. 158 pp. 
21 refs. Derivation of the optimum discrete 
compensator for the continuous-discrete sampled- 
data control system by means of the modified z 
transform 

The Analysis and Compensation of Nonlinear 
Sampled-Data Feedback Systems. F. J. Mullin 
U. Calif. Inst. Eng. Res. TR, Ser. 60/1211 (AFO- 
SR TN 58-825) [AD 202 910), Aug. 22, 1958 
122 pp. 29 refs. Development of a method for 
determining the exact continuous response of 
relay sampled-data systems using the phase plane. 
The stability conditions for saturating sampled- 
data systems are investigated, and a method for 
obtaining an approximate numerical solution of 
the sampled error signal is presented. The com- 
pensation of saturating sampled data systems is 
discussed. 

A New High-Speed Digital Technique for Com- 
puter Use. D. Eldridge. (JEE Paper 2672 M.) 
IEE Proc., Pt. B, Mar., 1959, pp. 229-236 
Dese ription of a new method for realizing logical 
functions, using square-loop ferrite cores and 
transistors. An experimental application of the 
method, designed to test its performance, is pre- 
sented 

On Exponential Digital Filters. Marvin Blum. 
Assoc. Comp. Mach. J., Apr., 1959, pp. 283-304. 
Presentation of an exponential digital filter theory 
allowing the estimation of derivatives of input 
functions with relatively simple computational 
techniques. A range of models is considered. 

Operating Bopetinnes with a Transistor Digital 
Computer. : Barnes and J. H. Stephen. 
(EE Paper 2593 w) IEE Proc., Pt. B, Mar., 
1959, pp. 222-228. 

Verification of the Logic Structure of an Experi- 
mental Switching System on a Digital Computer. 
D. C. Leagus, C. Y. Lee, and G. H. Mealy. Bell 
System Tech. J., Mar., 1959, pp. 467-476. 

Radix Exchange—An Internal Sorting Method 
for Digital Computers. Paul Hildebrandt and 
Harold Isbitz. Assoc. Comp. Mach. J., Apr., 
1959, pp. 156-163. AFOSR-supported research. 

Signal Corps Research and Development on 
Automatic Programming of Digital Computers. 
W. F. Luebbert and P. W. Collom, Jr. Assoc. 
Comp. Mach. Commun., Feb., 1959, pp. 22-27. 


Computation of Sin V, Cos N and \/N Using 
an Electronic Computer. E. G. Kogbetliantz. 
IBM J. Res. & Devel., Apr., 1959, pp. 147-152. 

A Proposed stepeeponhatined Generator of 
Functions of ae Variables. C. Tootill. Gt. 
Brit, RAE TN M.S. 48, Oct., Sass. 16 pp 


Doubling the Efficiency of the Load-Sharing 
Matrix Switch. M. P. Marcus. IBM J. Res. & 
Devel., Apr., 1959, pp. 195, 196. 

Basis for Calculating Equilibrium Gas Com- 
position on a Digital Computer. S. R. Goldwas- 
ser. Ind. & Eng. Chem., Apr., 1959, pp. 595, 596. 

Numerical Stability in Digital and Analog Com- 
putation for Diffusion Problems. J. N. Franklin. 

Math. & Phys., Jan., 1959, pp. 305-315. 12 
refs Study considering the problem of finding 
the most stable explicit difference scheme with a 
prescribed complexity. 


A Dynamic Wind Simulator for the Frictional 
Boundary Layer. J. D. Merryman and W. H. 


July 1959 


Clayton. J. Meteorology, Apr., 1959, pp. 155-166. 
USAF-Army-sponsored description of an analog 
computer that solves fundamental equations of 
motion in two dimensions, neglecting advective 
effects. The simulator gives the wind velocity 
as a function of elevation, within the frictional 
boundary layer, at a single station on a plane over 
which no horizontal gradients of motion exist. 

The Estimation of Atmospheric Gust Frequen- 
cies from Counting Accelerometer Records Using 
the Deuce Computer. J. R. Heath-Smith. Gt. 
Brit., RAE TN Struc. 240, Oct., 1958. 13 pp 

The R. A. E. Electronic Simulator for Flutter 
Investigations in Six Degrees of Freedom or Less. 
F. Smith and W. D. T. Hicks. Appendix A— 
The Setting-Up of the Flutter Equations. E.G 
Broadbent. Appendix B—Frequency and Phase 
Measurement Equipment. W. D. Hicks. Git. 
Brit., ARC R&M 3101 (Sept., 1953) 1959. 62 
pp. Description of the design and construction 
of the electronic simulator and discussion of the 
principles of simulation. The advantages and 
limitations of this method for solving flutter 
equations are considered, and other developments 
and applications are discussed. 

The UNIVAC File-Computer. Otto Bernath. 
J. Air Trafic Control, Apr., 1959, pp. 17-21 
Description of a computer that accomplishes the 
following: (1) receives and stores flight plans, (2) 
computes estimated time over fixes on route and 
estimated time of arrival at destination, (3) as 
sembles and prints flight progress strips for dis 
play, and (4) transmits flight plan information to 
other traffic control centers. 


Der Einsatz elektronischer Rechenanlagen bei 
der Liésung funknavigatorischer Aufgaben im 
Flugzeug und am Boden. Th. Feger. DVL 
Bericht No. 79, Dec., 1958. 102 pp. 
Westdeutscher Verlag, Kéln & Opladen. 
man. Study covering the application of elec- 
tronic computers to the solution of radio naviga- 
tion problems within the aircraft and on the 
ground. 


Control Theory 


A Class of Optimum Control Systems. C. W. 
Merriam, III. Franklin Inst. J., Apr., 1959, pp. 
267-281. 11 refs. Definition and investiga- 
tion of a class of optimum control systems, partic- 
ularly suitable for feedback-control applications 
where adaptability to changing conditions is de- 
sired, with special emphasis on time-domain 
concepts. 


Automatic Control System Design. I—Mathe- 
matical Techniques; Complex Variables. Ira 
Ritow. Elec. Mfg., Apr., 1959, pp. 99-105 
Presentation of complex numbers and the mathe- 
matical techniques used including algebraic 
operations, polar form, functions of a complex 
variable, and the integration of complex functions. 


Research in Servomechanisms. Herbert Free- 
man. Sperry Eng. Rev., Mar., 1959, pp. 23-29. 
Discussion of the newer applications of servo- 
mechanisms and some of the advanced techniques 
and components which are now being used. 


Designing a Safe Servo. Robert Hayos. Air- 
craft & Miéssiles Mfg,. May, 1959, pp. 22-25. 
Development and application of a magnetically- 
positioned electro-hydraulic servo with failsafe 
feedback loop. 


500°F Servovalves Available: New Designs 
Needed for 1,000°F. William Thayer. Auto 
Control, Apr., 1959, pp. 6-13. Description of 
work performed to extend the temperature limits 
of present values to 700°F. and to develop the 
acceleration switching type servovalves to tem- 
peratures of 1,000°F. 


A cant. Analysis Technique for a Contrac- 
tor Servo. . F. Myer. Sperry Eng. Rev. 
Mar., 1959, i 10-16. Presentation of a tech- 
nique for analy zing a closed-loop servo that has an 
intended nonlinearity associated with a compo- 
nent within the servo loop. The Bode diagram is 
extended to include servos with a particular type 
of nonlinearity in a loop component. 


An Analytic Frequency-Response Solution for a 
Higher Order Servomechanism with a Nonlinear 
Control Element. A.M. Hopkin and K. Ogata. 
(ASME Semi-Annual Meeting, Detroit, June 15- 
19, 1958, Paper 58-SA-35.) ASME Trans., 
Ser. D - BE, Mar., 1959, pp. 41-45. 


A Method of Estimating the Performance of 
Gas Operated Servo-Actuators. Appendix I— 
Derivation of Equations for Compressible Flow 
Through an Orifice. Appendix II—Estimation 
of Hydraulic Servo-Actuator Performance. A. G. 
Earl. Gt. Brit., RAE TN G.W. 497, Sept., 1958. 
26 pp. 

Adaptive Servos and the Human Operator. 
Ch. W. Johnson. Auto. Control, Mar., 1959, pp. 
16-24. Discussion of advances in automatic con- 
trol that may come from observations and imita- 
tion of biological systems. 


Documentation 


A Review of the Air Force Materials Research 
and Development Program. Appendix I—Con- 
tractor Index. Appendix Il—Investigator Index. 
H. H. Maxwell. USAF WADC TR 53-373, 
Suppl. V [A D 206861}, Dec., 1958. 211 pp. 297 
refs. Presentation of abstracts for 303 technical 
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reports and technical notes written during the 
period of July 1, 1957 to June 30, 1958. 


Electronics 


Military Electronic Developments and Their 
Applications. . A. Quarles. Elec. Eng., May, 
1959, pp. 435-448. Review of the developments 
in radar, proximity fuze, data processing and dis- 
play, miniaturization, computers, and communica- 
tions. 

New Solid-State Devices and Applications. 
Samuel Weber. Electronics, Apr. 17, 1959, pp. 
39-41. Description of a microwave generator, 
cryotrons, the pun triode, a stepping transistor, 
and a field effect limiter. 

Airborne Electronics for Jet Airliners. Intera- 
via, Apr., 1959, pp. 368-372. Outline of elec- 
tronic equipment requirements for positioning, 
communication, and automation purposes. 


Amplifiers 


Nonlinear-Capacitance Amplifiers. L. S. Ner- 
gaard. RCA Rev., Mar., 1959, pp. 3-17. 20 refs. 
Discussion of the operations of variable capaci- 
tance amplifiers in simple physical terms and of 
the forms which these amplifiers have taken to 
date. 


D-C Operational Amplifier with Transistor 
Chopper. W. Hochwald and F. H. Gerhard. 
Electronics, Apr. 24, 1959, pp. 94-96. Descrip- 
tion of an amplifier for airborne computer opera- 
tions using silicon transistors throughout to 
achieve computing accuracies of 0.005 per cent 
over an ambient temperature range of —55°C. to 

85°C 

Theory of the Crestatron: A Forward-Wave 
Amplifier. J. E. Rowe. IRE Proc., Apr., 1959, 
pp. 536-545. USAF-supported development of a 
device to verify a heating-wave theory. The 
maximum gain for any given set of circuit and 
operating parameters is determined by the rela- 
tive injection velocity, rather than the length of 
the tube. 

The Exponential Gun—A Low-Noise Gun for 
Traveling-Wave-Tube Amplifiers. A. L. Eichen- 
baum and R. W. Peter. 

pp. 18-56. 28 refs. 

The Three-Level Solid State Traveling-Wave 
Maser. . DeGrasse, E. Schulz- DuBois 
and H. E. D. Scovil. Bell System Tech. J., Mar., 
1959, pp. 305-334. 21 refs. Army-supported 
development of a theory of the traveling-wave 
maser and comparison of the gain, bandwidth, and 
gain stability of the traveling-wave maser with 
that of the cavity maser. The general require- 
ments for traveling-wave maser slow-wave struc- 
tures are discussed. Theoretical analysis and 
experimental results are presented for the comb-— 
in-wave-guide slow-wave structure. 

Use of Active Material in Three-Level Solid 
State Masers. E. O. Schulz-DuBois, H. E. D. 
Scovil, and R. W. DeGrasse. Bell System Tech. 
J., Mar., 1959, pp. 335-352. 13 refs. Army- 
supported review of the three-level excitation 
method, including background material on para- 
magnetic resonance. 


Antennas, Radomes 


Designing RDF Antennas. R. C. Benoit, Jr., 
and Francis Coughlin, Jr. Electronic Ind., Apr., 
1959, pp. 77-83. 16refs. Discussion of antenna 
techniques applicable to radio direction finding in 
the frequency range from 100 to 400 mc., and 
presentation of economical and practical solutions 
to the site error problem by the use of medium 
and wide aperture antenna arrays. 

Measurement of the of the 
Protective Coating of Radom J. A. Sage. 
Gt. Brit., RAE TN Chem. 1338. Oct., 1958. 7 pp. 


A Side Lobe Suppression 
Setrin Fix. Morton Setrin. USAF RADC 
TR 58-122 [AD 202093}, Dec., 1958. ts pp. 
Description of a method to limit the interrogation 
path of a Mark X directional beacon system to the 
major lobe of the antenna system. 


Four-Dimensional Electromagnetic Radiators. 
H. E. Shanks and R. . Bickmore. Can. 
Phys., Mar., 1959, pp. 263-275. Discussion of a 
technique applicable to antenna design utilizing 
the time domain as an additional variable with 
which to control antenna radiation characteris- 
tics. 


_ The Nose-on Radar Cross Sections of Conduct- 
ing Right Circular Cones. J. E. Keys and R. I. 
Primich. Can. J. Phys., Apr., 1959, pp. 521-525. 
Eaeeten of cross-section measurements and 
tesults. 


Circuits & Components 


R of C ded Double-Tuned Circuits. 
Yona Peless. Electronic & Radio Engr., Apr., 
1959, pp. 134-140. Determination of the rela- 
tionship between the system bandwidth and the 
peak value of the impulse response, and of the ex- 
tent of undershoot of the impulse-response en- 
velope. 

Linear Modular Circuits. Bernard 
Friedland. Columbia U. Sch. Eng. Dept. Elec. 
Eng. TR T-29/B (AFOSR TN 555) [AD 


RCA Rev., Mar., 1959, 


extended range 
primary 


pressure standard 


. floats on air to minimize static friction 


This flexible gage or absolute-type instrument is 
a true primary pressure standard that depends 
only on fundamental measurements of mass, 
length, and time for its accuracy. As a pneumatic 
dead-weight piston gage, it offers the advan- 
tages of air rather than oil as the pressure 
medium. 
or extreme accuracy of 0.015% of full 
range, even at pressures of less than | psi... 
for cleanlmess and portability... for extended 
; range of measurements not available in any 
other similar equipment... specify CEC’s 6-201 
Primary Pressure Standard. 
The 6-201 will calibrate any pressure-measur- 
ing device within the pressure limits of 0.3 to 
500 psi. Six standard pressure ranges are provided 
starting with a range of 1.5 psi full scale. 
For information, call your nearest CEC sales & 
service Office, or write for Bulletin CEC 1581-X20. 


Transducer Division 


CONSOLIDATED ELECTRODYNAMICS 300 N. Sierra Madre Villa, Pasadena, Calif. 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 
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Its seas and oceans cover over 139 million 
square miles. That’s more than double the sur- 
face of Mars, more than nine times the area of 
the Moon. No other planet within the vision of 
man is like it. The planet is Earth. 


From its depths comes one of the free world’s 
greatest menaces—the submarine armed with 
the frightful capacity to launch a missile against 
any city anywhere in the United States. 


Any protection against this hidden danger? 
Most certainly! The U.S. Navy —and its long- 
range carrier-based aircraft. They patrol the 
high seas, probe their depths, screen their con- 
tents. They detect, identify and track. And, 
upon provocation, destroy. They help make our 
Navy our strongest defense against the threat 
of the submarine. 


These anti-submarine warfare aircraft are oper- 
ational with the Navy throughout the world. 
They are Grumman S2F Trackers. 


Bethpage + Long Island - New York 


Engineers and Scientists, for 
career opportunities in ASW Research 
at Grumman Aircraft, see page 117 


MISSION... 


... to bring the most devastating and accurate 
armament to bear against the enemy. 


DETECTION Of Target 


ELECTRONICS 
COUNTER 


Detection with latest electronic equipment enables 
the ASW force to determine the enemy's presence. 


LOCALIZATION Of Target 


PINPOINTS 


Localization starts immediately, plotting 
general location of enemy sub. 


CLASSIFICATION Of Target 


NON-SUB 


POSSIBLE .. 


Classification utilizes sophisticated electronics 
equipment to determine exact nature of intruder. 


DESTRUCTION Of Target 


1S SELF-EXPLANATORY 
FINALITY 
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158373|, Apr. 15, 1958. 20 pp. Extension of 
Huffman's earlier work to circuits comprising 
unit delays, modulo-p (p = prime) adders, and 
ideal amplifiers with integral values of gain <p. 
The application of transform methods to a linear 
sequential circuit is shown, and illustrative ex- 
amples are presented. 
Transistor Junction Temperature; Continuous 
Measurement in Class C Circuits. H. Sutcliffe 
and D. J. Matthews. & Radio Engr., 
Apr., 1959, pp. 143, 14 

The Synchronous coi Raymond Gold- 
stein. Sperry Eng. Rev., Mar., 1959, pp. 30-37. 
Discussion of the principle of operation, analytical 
considerations, and practical applications of phase- 
sensitive modulators and demodulators. 


Linear Miulti-Tapped Potentiometers with 
Loaded Outputs. K.C. Garner. Electronic Eng., 
Apr., 1959, pp. 192-199. 

Overcurrent Protection of Semiconductor 
Rectifiers. . W. Gutzwiller. Elec. Mfg., Apr., 
1959, pp. 106-114. 10 refs. 


Extension of Moore-Shannon Model for Relay 
Circuits. M. Kochen Res. & Devel., 

Apr., 1959, pp. 169-186. Study showing that 
the number of redundant relays needed to im- 
prove reliability depends on the logical function 
of the entire circuit. The reliability of relay cir- 
cuits is studied as a function of the number of re- 
lays, the network topology, and the distribution 
of inputs. 

The Miniature Relay in Great Britain. J. H. 
Mitchell and L. S. Distin. Elec. Mfg., May, 1959, 
pp. 106-110, 208. Discussion of developments 
and requirements for a variety of miniature and 
electronic type relays. Specific relay designs are 
presented and contrasting engineering practices 
as used in the U.S. and the United Kingdom are 
considered. 


Investigation of Printed Circuit Methods - 
Relay eter H. R. Reeve and R. 
Traas. USA F WADC TR 57- 1538371, 
Aug., 1958. 21 pp. Development of a relay 
design which 2 applicable to low cost production 
and is adaptable to automatic fabrication. 
Vacuum Relays Improve Missile Reliability. 
Lew Steward. Missile Des. & Devel., Apr., 1959, 

p. 22,23. Development and properties of relays 
for missile application. 


Communications 


Performance Equations for a Stationary Passive 
Satellite Relay for Communication (22,000 Mile 
Handelsman. USAF RADC 
TN 58-379 {AD 206898], Jan., 1959. 18 pp. 
21 refs. ‘Presentation of the basic communica- 
tion equations. The antenna size and transmit- 
ter power are given for various types of passively 
reflecting satellites. Possible limitations due to 
terrestrial and extra-terrestrial noise and future 
possibilities using low-noise receivers are dis- 
cussed. 
The Comet 4’s Radio Installation. 
Apr., 1959, pp. 373-375. 


Comet 4 Radio Installation. de Havilland 
Gazette, Apr., 1959, pp. 64, 65. 


Construction Techniques 


Special Issue: Payloads and Microminiaturi- 

zation. Astronautics, May, 1959, pp. 20-25, 
29-36, 40-47, 54, 56, 58-130 (ff). Partial Con- 
tents: Microminiaturized Payloads Open Paths 
for Space Research, H. A. Wilcox. Midget Pay- 
loads for Giant Missions. Designing Small 


Interavia, 


Space Payloads, R. G. McCarty. A 960-mc 
Lunar Transmitter, L. R. Malling. Piggyback 
Missile Research Packages, G. M. DeGiacomo. 


Micromodules Make Their Bow, H. J. Laiming 
and J. W. Knoll. Microminiaturization in a 
Space Vehicle Frequency Standard, P. E. Lannan. 
Miniaturized Digital Computing Systems, F. A. 
Foss and R. E. Lyons. Beyond Microminia- 
turization: Integrated Electronics, Harry Kihn 
What Price Microminiaturization, D. A. Young. 


Dielectrics 

Theory of Reflections from the Rodded-Type 
Artificial Dielectric. A. Carne and J. Brown. 
(IEE Paper 2742 R.) IEE Proc., Pt. B, Mar., 
1959, pp. 107-115. Study demonstrating that a 
composite material of a solid dielectric with em- 
bedded conductors can give a wave impedance 
equivalent to that of free space, and thus elimin- 


ate interface reflections. The rodded dielectric 
is analyzed and design procedures are given. 


Electronic Tubes 


Tubes or Transistors? R.E. Moe. Electronic 
Ind., Apr., 1959, pp. 58-63. 13 refs. Evalua- 
tion of factors that should guide the designer's 
choice in terms of the equipment specification re- 
quirements. The relative performance and reli- 
ability aspects are also considered. 


Thimble Tubes. Electronic Ind., Apr., 
1959, pp. 64, 65, 97. Description of the con- 
struction features and adv antages of the ‘‘Nuvis- 
tor.’ 


Reduced Reflections in Phosphors Theory and 
Experiment. J. F. Dreyer. USAF WADC TR 
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58-354 [A D 202560), Oct., 1958. 10 pp. Descrip- 
tion of the theory and experimental procedure 
for preparing cathode ray tubes with reduced 
phosphor reflection obtained by incorporating the 
phosphor in a glaze of close refraction index 
match 


Magnetic Devices 


Special Issue: Proceedings of the Fourth 
Symposium on Magnetism and Magnetic Mate- 
rials. (Conf.on Magnetism & Magnetic Materials, 
Phila., Nov. 17-20, 1958.) J. Appl. Phys., 
Suppl., Apr., 1959, pp. 1S-323S. 923 refs. Com- 
pilation of papers covering ferrites, computer com- 
ponents, magnetic properties of metals and alloys, 
amplifiers, resonance, and instrumentation. 

R-F Measurements on Ferrite Cores. P. P. 
Lombardini and R. F. Schwartz. Elec. Mfg., 
Apr., 1959, pp. 148-155. Description of meas- 
urement techniques of the relative permeability 
and quality factor, Q, of ferrite ring samples. 
The theory of measurement by resonance and 
impedance methods using a cavity-inductor, and 
measurements under static and dynamic bias 
conditions are included, in addition to the r-f 
bridge and Q-meter techniques. 


Measurement & Testing 


Phase-Angle Measurement; Null Method 
Using Heptode Mixer. P. Kundu. Electronic & 
Radio Engr., Apr., 1959, pp. 150-154. Descrip- 
tion of a method for measuring the phase angle 
between two pre-adjusted out-of-phase sinusoidal 
voltages. The signals are applied to a heptode 
mixer whose differential anode current with re- 
spect to the reference value for quadrature inputs 
is a measure of the angle. 


Frequency Analyzer Uses Two Reference 
Signals. T. B. Fryer. Electronics, May 1, 
1959, pp. 56,57. Description of the design and 
operation of the unit, useful from subaudio to 
radio frequencies, for frequency analysis. The 
use of the oscillator, multiplier, and the squarer is 
discussed. 


Networks, Filters 


Contributions to Transistor-RC Network Syn- 
thesis. B. R. Myers. U. Ill. Eng. Exp. Sta. 
EERL CTG TN 7 (AFOSR TN 59-73) [AD 
209848), Feb. 20,1959. 104 pp. 26refs. Study 
presenting a comprehensive design theory which 
leads to practical circuits, including the imped- 
ance properties of these circuits. 

Group Delay and Group Velocity; Concept in 
Terms of the Transfer Function of a Network. 
W. P. Wilson. Electronic & Radio Engr., Apr., 
1959, p. 145, 146. 

Steady State Transmission Through a Network 
Containing a Single Time Varying Element. C. 
A. Desoer. U. Calif. Inst. Eng. Res., Ser. 60/1221 
(AFOSR TN 59-106) [AD 210388], Dec. 22, 
1958. 31 pp. 10 refs 

Least-Squares Approximation for Both Magni- 
tude and Phase by Rational Functions. K. S. 
Fu. U. Ill. Eng. Exp. Sta. EERL CTG TN 6 
(AFOSR TN 59-71) [AD 209846], Feb. 9, 1959. 
69 pp. 37 refs. Description of a method to ap- 
proximate both magnitude and phase within a 
given band. Error improvement by proper selec- 
tion of poles and the application of the method to 
the time-domain approximation and the simpli- 
fication of functions are considered. 


A Correlation Between Classical and Pole-Zero 
Sensitivity. J. J. Mikulski. U. Ill. Eng. Exp. 
Sta. EERL CTG TN 5 (AFOSR TN 59-72) 
[AD 209847], Feb. 20, 1959. 85 pp. 28 refs. 
Development of a correlation between overall 
sensitivity of a network or system function and 
sensitivities of the poles and zeros of that func- 
tion 


Topological egy Theory. A. Nerode and 
H. Shank. USAF WADC TR 57-424 [AD 155- 
730), Nov., oe7) 34 pp. 20 refs. Methods of 
linear algebra and combinatory topology are 
applied to yield precise versions of certain por- 
tions of electrical network theory. Those por- 
tions deal primarily with the existence and 
uniqueness of currents in resistive networks and in 
passive lumped parameter networks and with the 
determination of such currents by rigorous algo- 
rithms 


Topological Evaluation of Network Functions. 
Wan Hee Kim. Franklin Inst. J., Apr., 1959, pp. 
283-293. Analysis of the topological relation- 
ships for the various combinations of two terminal- 
pair networks by means of topological identities. 
An example is presented illustrating the applica- 
tion of the topological formulas to the evaluation 
of network functions. 


Noise, Interference 


Theory and Experiments on Shot Noise in Sili- 
con P-N Junction Diodes and Transistors. Ap- 
pendix—-Calculation of Noise Due to Recom- 
bination-Generation. R. Schneider and M. J. O. 
— IRE Proc., Apr., 1959, pp. 546-554. 13 
rets 


An Experimental re f= Interception Noise in 
Electron Streams at icrowave Frequencies. 
A. McIntosh. Can. J. Phys., Mar:, 1959, pp. 


285-299. 10 refs. Investigation showing that 
current interception excites a standing wave of 
noise along the electron beam in the drift region. 
Measurements made on _ temperature-limited 
electron beam have shown that the interception 
noise can arise in a region where noise smoothing 
is a consequence of processes external to the 
electron gun. 


Piezoelectricity 


The Present State of Quartz Crystal Tech- 
niques. H.Awender. (Nachrichtentech. Z., No. 
11, 1958.) Gt. Brit., RAE Lib. Transl. 792, Dec., 
1958. 23 pp. 112 refs. 

Ferroelectric Devices. R. A. Fotland and E. 
F. Ma 4 SAF WADC TR 58-347 [AD 
204093), t., 1958. 69 pp. Investigation on a 
type dielectric amplifier. It is 
shown that the principal limitations for effective 
operation are high hysteresis losses and low Curie 
temperatures in the ferroelectric materials. In 
addition, ferroelectric ceramic niobate materials 
are examined for suitability of operation as bi- 
nary storage elements. 


Power Supplies 


Regulated Power Supplies. D. J. Collins and 
J. E. Smith. Electronic Eng., Apr., 1959, pp. 
222-226. Review of the various types of regula- 
tors emphasizing the closed-loop series stabilizer. 

An Analysis of a Proposed Generating System 
Comprising Two Interconnected and Mechani- 
cally Coupled Induction Machines. Appendix 
I—Method of Measuring Impedance Loci of 
Synchro Resolvers Type ISRS4SL. Appendix 
I11—The Locus of Admittance for Stators in Par- 
allel. Appendix III—An Approximate Construc- 
tion of Admittance Locus for Parallel Connected 


Machines. W. R. Hinton, J. C. Shenton, and 
P. A. Shaw. Gt. Brit., RAE TN El. 156, Sept., 
1958. 48 pp. 11 refs. 


The Thermal Behaviour of Semiconductor 
Rectifiers. O. Jakits. Brown Boveri Rev., Nov.- 
Dec., 1958, pp. 540-544. Description of an elec- 
tronic method for determining the thermal inertia 
of the elements. The effect of cooling of the re- 
sultant overload characteristic is discussed. 


Radar 
Scan Converter Aids Phone-Line Radar Relay. 


H. W. Gates and A. G. Gatfield. Electronics, 
Apr. 17, 1959, pp. 48-51. 
3-D Data Display. W. R. Aiken. J. Air 


Trafic Control, Apr., 1959, pp. 24-26, 32. De- 
scription of a proposed traffic-control tube consist- 
ing essentially of multiple layers of the Kaiser- 
Aiken thin tube placed one on top of the other. 

On Choosing Air Surveillance Radar. P. Wood- 
head. Airports & Airport Eng., Mar.-Apr., 1959, 
pp. 9-12. Discussion of some of the factors de- 
termining the choice of a radar, such as operational 
applicability, coverage requirements, and design 
considerations. Echo suppression techniques are 
also considered. 


Reliability 

Environmental Conditions and Their Effect on 
Aircraft Electrical Equipment. E. A. Farthing. 
SLAE J., Mar., 1959, pp. 3-5 
Resistors 


Measurement of Resistor Noise. 
Bul., Mar., 1959, pp. 48, 49. 


Tech. News 


Semiconductors 


Field Emission from Semiconductors. G. 
Busch and T. Fischer. Brown Boveri Rev., Nov.- 
Dec., 1958, pp. 532-539. 22 refs. 


Telemetry 


Preliminary Development of Telemetry for 
Aeroballistic Ranges. M. K. Kingery. USAF 

AEDC TN 59-7 [AD 208692), Feb., 1959. 25 
pp. Development of a one-channel telemeter os- 
cillator and description of the launching and re- 
covery technique with its accompanying instru- 
mentation apparatus. 


Transmission Lines 


Parallel-Plate Transmission Systems for Mi- 
crowave Frequencies. A. F. Harvey. (JE 
Paper 2770 E.) IEE Proc., Pt. B, Mar., 1959, pp. 
129-140. 67 refs. Description of the different 
types of strip lines and of their basic characteris- 
tics. Transducers to conventional systems and 
various circuit elements are described, and the 
application of strip-line techniques to the con- 
struction of microwave components and filters is 
examined. 


Nonuniformities in Laminated Transmission 


Lines. Gordon Raisbeck. Bell System Tech. J 
Mar., 1959, pp. 477-516. 10 refs. 


Investigations of the Disk-Loaded and Helical 
Trans. 129, 
Calculation of disper- 


B. T. Henoch. 
19 refs. 


Waveguide. 
1958. 83 pp. 
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sion curves and coupling impedances of both types 
of wave guides, and investigation of the influence 


of various circuit parameters. The dispersion 
curves of three slow-wave structures are measured 
by different means. 


Rectangular and Circular Millimeter Wave- 
guides. P. D. Coleman and E. C. Becker. 
Electronics, May 1, 1959, pp. 50,51. Description 
of rectangular and circular wave guides for the 
frequency ranges of 26.5 to 350 kme. and 29.3 to 

256 kmce., respectively, along with their mechani- 
cal and electrical characteristics. 


Velocity and Attenuation of a Narrow-Band, 
High-Frequency Compressional Pulse in a Solid 
Wave Guide. M. Redwood. ASA J., Apr., 
1959, pp. 442-448. 15 refs. 


The Transformation of Admittance Through a 
Matching a. and Lossless Waveguide 
Junction. J. Twisleton. (IJEE Paper 
IEE Pt. B, Mar., 1959, pp. 175- 


Wave Theory 


An Investi of Excitation of Radiation 
by Surface Waves. Sharma. (JEE Paper 
2737 E.) IEE Proc., Bi. Mar., 1959, pp. 116- 
122. 14 refs. Investigation of the radiations 
excited at a discontinuity in surface reactance and 
at an edge of a metallic strip above a reactive sur- 
face. 


On the Theory of Scalar Diffraction and its 
Application the Prolate N. D. 
Kazarinoff and R. K. Ritt. Amn. Phys., Mar., 
1959, pp. 277-299. 15 refs. USAF- sponsored 
research. 


Transmission of Power in Radio Propagation. 
J. R. Wait. Electronic & Radio Engr., Apr., 
1959, pp. 146-150. 13 refs. Formulation of the 
transmission-loss problem and presentation of 
an expression for the same problem. The influ- 
ence of the ground on the aerials is stressed. 


On the Reflection of Electromagnetic Waves in 
the Ionosphere with Vertical Sounding. P. 
Szulkin. Acad. Pol. Sci. Bul., No. 1, 1959, pp. 


65-6 


Optical bsg es at Microwave Fre uencies. 
A. F. Harvey EE Paper 2779 E.) IEE Proc., 
Pt. B, Mar., (one pp. 141-157. 162 refs. 
Review of the application of optical principles 
and techniques. Radiation and diffraction in the 
far and near fields are briefly discussed and an 
account of the various types of artificial dielec- 
trics is presented. Methods of reducing and 
enhancing surface reflectivity are examined, and 
instruments and components, useful at milli- 
meter wavelengths, are considered. 


Equipment 


Electric 


Comet 4 Electrical Power hee de Havil- 
land Gazette, Apr., 1959, pp. 60, 61. Description 
of a power system using four alternators and d. c. 
rectification. 


Hydraulic & Pneumatic 


A Research Study of Hot Gas Servomecha- 
nisms. Appendix I—Comparison of Monopro- 
pellants ydrogen Peroxide and MHydrazine. 
Appendix II—Calculation of Ammonia Decom- 
position. Appendix III—Measurement of Piston 
Leakage. Appendix IV—Gas-to-Hydraulic Con- 
Unit). R. Kramer USAF WADC TR 58-41 
{AD 14232 Feb., 1958. 103 Theoretical 
and experimental study of a hot gas servosystem 
to obtain information making the construction of 
a simple, lightweight hot gas power source possi- 
ble, and to investigate the possibilities of energiz- 
ing a hydraulic servosystem by means of the hot 
gas energy source, 


Preliminary Study of a Piston ig | for Cryo- 
ON re A. E. Biermann and R. C. Kohl. 
U.S SA Memo. 3-6-59E, Mar., "1959. 27 
pp. ‘Saceunaien of data covering the perform- 
ance of a low-speed, five-cylinder piston pump for 
handling boiling hydrogen. 


All Pneumatic Aircraft Actuation. J. D. Hull, 
Jr., and A. E. Schmidlin. “ Hydraulics & 
Pneumatics, May, 1959, pp. 126-128. Discus- 
sion of the use of pneumatic systems on the F-27 
to operate landing gear, wheel and propeller 
brakes, nose wheel steering, and the passenger en- 
trance door, 


Hydraulic Missile-Components. A. B. Billett. 
Aircraft & Missiles Mfg., May, 1959, pp. 6-8. 
Discussion of the requirements and the develop- 
ment of missile systems, including equipment re- 
liability and the filter patch test program, be 


An Engineering Approach to Hydraulic Lines. 
I—Fundamentals of Flow. IIl—Determin- 
ing Line Size. J. J. Taborek. — Des., Apr. 
16; 30, 1959, pp. 158- Tes, 106-112 


Fuels & Lubricants 


Here’s What’s Needed to Supply Clean Fuel 
or Turbine Transports. G. T. Coker and R. G. 


Davis. SAE J., Mar., 1959, pp. 50,51. Discus- 
sion of engine requirements and of the measure- 
ment and control of fuel cleanliness. 


Viscosity Stability of ee Fluids. N. W. 
Furby and R. I. Stirton. Appl. Hydraulics & 
Pneumatics, Apr., 1959, pp. 84, 86-88. _Discus- 
sion ot polymeric thickeners and their effects on 
viscosity. Methods of measuring change in vis- 
—, and permanent shear breakdown are dis- 
cusse 


Special Issue: Functional Fluids and Synthetic 
Lubricants. Ind. & Eng. Chem., May, 1959, pp. 
49A-58A. 32 refs. Partial Contents: Silicones, 
W. H. Ragborg and C. C. Currie. Silicate Esters, 
P. H. Miller, L. Pierce, Jr., G. M. Goodale, and 
J.M.Cole. Pentaerythritol Esters, H. J. Taufen, 
J. O. Bradford, and E. S. Moler, Jr. Aromatic 
Acids and Fluoroalcohols, C. M. Murphy, J. G. 
O’Rear, H. Ravner, P. J. Sniegoski, and C. O 
Timmons. Nonpetroleum Lubricants in Air- 
craft, D. H. Moreton and C. A. Seil. Jet Engine 
Lubricants, C. T. Stone. Hydraulic Fluids for 
Supersonic Aircraft and Missiles, J. S. McClure. 


Continued Studies of Fluid Film Whirl. J. F. 
Lewis and G. B. Fulton. USAF WADC TR 


57-737 [AD 155775], Nov., 1957. 19 pp. Ex- 
perimental investigation extending the range of 
previously used bearing parameters. Results are 
presented and their dependability is discussed. 


Effect of Solid Additives on Fluid Lubricants. 
H. L. Herzig. Lubrication Eng., Apr., 1959, pp. 
152-158. Discussion of the ability of additives to 
smooth the surface of a bearing during operation 
and of the shear strength of the additives. By 
proposed empirical formulation, the effects of 
particle dimension and concentration of the addi- 
tive and the effect of error in geometry of the 
bearing are quantitatively described. 


Fluorinated Ester Fluids Come Close to Meet- 
ing All Requirements of 500-650 F Jet Engine 
Lubricants. E. C. Ballard and E. E. Sommers. 
SAE J., Mar., 1959, pp. 68, 69. 


An Investigation yf Dry Adhesive Wear. R. P. 
Steijn. (ASLE-ASME Lubrication Conf., Los 
Angeles, Oct. 13- 15, 1958, Paper 58- -LUB-8.) 
ASME Trans., Ser. D - BE, Mar., 1959, pp. 56- 
66. Study of ‘oxide-film formation by electrical 
contact-resistance measurements. The effects on 
wear rate and the basic wear formula are dis- 
cussed. 


yt 


BREEZE PRODUCTS: ACTUATORS + HOISTS 


‘BREEZE BELLOWS 


Because BREEZE Bellows are job engineered 
for the most exacting applications, they insure 
high performance and long life. BREEZE of- 
fers a wealth of experience in weldable alloys 
such as Iconel X, titanium, Ni-Span, Hastelloys 
and Stainless steels. BREEZE Bellows solve 
tough problems in instrumentation, fuel regu- 
lation, pressure switches and expansion joints, 
hot air ducting, pressure surge tanks, packless 
valves, oscillating and rotating shaft seals, 
atomic and nuclear reactors. 

We invite your inquiries. 


z 


ORE 


CORPORATIONS, INC. 
700 LIBERTY?AVE., UNION, N. J. 


TRANSMISSIONS + GENERATORS + STARTERS 
STARTER GENERATORS + BELLOWS + SLIP RINGS * HOSE CLAMPS + HITEMP FLEXIBLE TUBING . 
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On the Mechanism of Gear Lubrication. V 
N. Borsoff. (ASLE-ASME Lubrication Con? 
Los Angeles, Oct. 13-15, 1958, Paper 58-LUB-4.) 
ASME Trans., Ser. D - BE, Mar., 1959, pp. 79 
88; Discussion, pp. 88-93. 10 rets. Review of 
research on fundamentals of gear lurication. 
Studiul prin Metode Radioactive a Influentei 
Viscozitatii Asupra Grosimii Filmului de Lubri- 
fiant. D. Pavelescu and I. Iliuc. Stud. Cerc 
Mec. Aplic., No. 3, 1958, pp. 641-656. 21 refs 
(Also in Rev. Méc. Appl., No. 3, 1958, pp. 299 
312.) In Rumanian, with summaries in English 
and Russian. Application of a radioactive tracer 
to determine the effect of viscosity on the film 
thickness of lubricating materials. 

Lubrificatia Lagarelor in Regim Turbulent 
Supuse la Forte gsi Viteze Variabile. V.N. Con- 
stantinescu. Stud. Cerc. Mec. Aplic., No. 3, 
1958, pp. 657-677. In Rumanian, with summa- 
ries in Russian and French. Study of turbulent 
lubrication for variable conditions of loading and 
speed, and application of the obtained results to 
the case of bearings subjected to centrifugal load- 
ing. 

Halogen-Containing Gases as Boundary Lubri- 
cants for Corrosion-Resistant Alloys at 1200°F. 


you get the 


Totally enclosed fan-cooled 27 
volt DC motor for 7 air pump 
drive. Frame 3% x 1 


Gearmotor with one spur gear 
and one worm gear stage giving 
right angle drive for business 
machines. Frame 3%, x 1 


%e Horsepower two-stage “by- 
pass” unit (motor separately ven- 
tilated) for light duty commercial 
vacuum cleaners. 


experience in the small motor field? 


NEW! | 8- -page Folder describes these and bad 
* other Lamb motors. Send for your copy. 
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D. H. Buc and R.L. Johnson. U.S., NASA 
Memo. 2-25-59E, Mar., 1959. 27 pp. 10 refs. 
Gapevkasannen investigation to select corrosion re 
sistant materials, to study their lubrication with 
various gases and gas com! inations, and to inves 
tigate their performance over a broad temperature 
range. The gases used were CFeCh, CF3:Bre, 
CF;Br, CF:I, Iz, and SFs 


Considerations on Gas Lubrication in Turb:- 
lent Flow. V.N. Constantinescu. (Stud. Cerc 
Aplic., No. 1, 1958.) Rev. Méc. Apol., No 
3, 1958, pp. 313-321. 


Il Tetranitrometano come Agente Ossidante 
per Razzi (Studio Monografico Teorico-Sperimen- 
tele). R.M. Corelli. (3rd Europ. Aero. Congr., 
Brussels, Sept. 22-27, 1958.) Aerotecnica, 
Dec., 1958, pp. 315-322. 30 refs. In Italian. 
Study of the use of tetranitromethane as a rocket 
oxidizer, covering methods of preparation, sta 
bility at ignition, comparison with other com 
monly used liquid oxidizers, and possibility and 
examples of using it as a propellant. 

Combustion of Elemental Boron. C. P 
Talley. Aero/Space Engrg., June, 1959, pp. 37 
40, 47. Investigation to determine the rate 


for your power-driven 
product with 


Lamb Eleclic 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


Two-pole 60 cycle AC motor incor- 
porating propeller fan and high 
speed blower driven through step- 
up gear train. Frame 44% x 1% 


You get the right motor to assure the product performance desired... 
You get the right motor to meet weight and space requirements... 
You get the right motor cost-wise, too, because... 


Lamb Electric motors are engineered to the application and mass- 
produced to obtain the most favorable cost. 


May we demonstrate these advantages of our nearly half-century of 


< 


THE LAMB ELECTRIC COMPANY « Mabie Ohio 
A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Cc 


pany Ltd.—Leaside, Ontario 


limiting steps in the burning of eiemental boron 
and a means for increasing these rates. 


Ice Formation & Prevention 


Cures for Icing. A. E. Knowler. Shell Av. 
News, Mar., 1959, pp. 8-11. Description of 
several aircraft ice protection systems. Anti-ic- 
ing and de-icing are defined. 

Study of Simplified Methods of Airfoil Heating. 
T. R. Barksdale, J. N. Erazo, and R. L. Fischer 
USAF WADC TR 57-587 {AD 203522), June, 
1958. 72pp. 10refs. Investigation ot a simpli 
fied method of anti-icing. Internal heat transfer 
coefficients are determined tor several configu 
rations and various airflows. Relationships are 
developed to predict the internal air temperature 
from overall energy balance. 


Instruments 


Contour Mapping Microdensitometer. P. 
Hariharan and M. S$. Bhalla. J. Sci. Junstr., 
Apr., 1959, pp. 192-195. Description of an in- 
strument for the contour density mapping of a 
photograph. The instrument consists of a scan 
ning microdensitometer in which a gating circuit 
is utilized in conjunction with an optical printing 
system to plot automatically a contoured map of 
the photograph being scanned. 

Theory of Oscillation Type Viscometers. V— 
Disk Oscillating Between Fixed Plates. G. F. 
Newell. ZAMP, Mar. 25, 1959, pp. 160-174. 
AFOSR-supported study covering absolute 
measurements of viscosity using a disk oscillating 
between two fixed plates and taking the influence 
of the edge into account. A comparison with the 
experimental data of Kestin and Pilarezyk is 
made. 


Capillary Viscometer for Inert Gases and Va- 
pors at High Temperaturesand Pressures. J. M. 
Savino and W. L. Sibbitt. Ind. & Eng. Chem., 
Apr., 1959, pp. 551-554. 21 refs. 


On the Use of Ionization Gage Devices at Very 
High Altitude. N. W. Spencer, R. L. Boggess, 
H. E. Lagow, and R. Horowitz. 
1959, pp. 290-294. 21 refs. Study considering 
the use of ionization gages and omegatrons for 
performing measurements of amtient pressure, 
temperature, and density and, in addition, com- 
position, in the light of newer developments. 


Accelerometers 


Accelerometers. /nsiruments & Control Sys- 
tems, Apr., 1959, pp. 540-542. Survey of the ten 
hasic types ot commercially available accelerome 
ters. 


The Horizontal Integrating Rovelememnttey. H. 
J. Smith. Sperry Eng. Rev., Mar., 1959, pp. 38 
45. Discussion of the principles of an accelerome 
ter for inertial guidance applications. Certain 
sources of error are discussed, and means for 
eliminating or minimizing them are reviewed. 

Accelerometer Calibration. A. B. Kaufman. 
Instruments & Control Systems, Apr., 1959, pp. 
544-547. 17 refs. Description of the seven 
major methods used for the measurement of dis 
placement or the dynamic calibration of ac 
celerometers. 


Flight Instruments 


A History of Aircraft Cockpit Instrumentation, 
1903-1946. D.R. Nicklas. USAF WADC TR 
57-301 [AD 118299], Apr., 1958. 121 pp. 390 
refs. 


Take-Off Monitors for Jet Transports. R. P. 
Snodgrass. Sperry Eng. Rev., Mar., 1959, pp. 17 
22. Discussion of the history of take-off aid 
development including the operation and perform- 
ance of the acceleration, velocity, and distance 
monitor types. A recently developed acceleration 
monitor is described which provides a continuous 
display of take-off performance with a minimum 
of pilot interpretation. 


Static and Dynamic Response of a Design of 
Differential Pressure Yawmeter at Supersonic 
Speeds. L. J. Beecham and S. J. Ccllins. Gi 
Brit., ARC CP 414 (Feb., 1954) 1958. 55 pp. 
BIS, New York, $1.35 


Flow Measuring Devices 


Cheracteristics and Uses of Turbine Flow- 
meters. J. S. Yard. ISA J., May, 1959, pp. 
54-59. 


A Constant-Temperature-Operation Hot-Wire 
Anemometer. J. M. L. Janssen, L. Ensing, and 
J. B. Van Erp. JRE Proc., Apr., 1959, pp. 555- 
567. 16 refs. Analysis of a hot-wire anemome- 
ter consisting of a d.c. bridge and a d.c. differen- 
tial amplifier. Results of measurements are re- 

ported and a nonlinear theory is described which 
sc a veltage directly proportional to the 
instantaneous air velocity. 


Hot-Wire Anemometer for Laboratory and 
Field Use. L. J. Anderson. AMS Bul., Feb., 
1959, pp. 49-51. Description of an instrument 


for measuring or recording wind speed, using 1- 
in. length of heated platinum wire as the sensing 
element. 
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Missile and rocket components, impact extruded from Alcoa Aluminum. The largest impact 
shown above has 8-in. diameter, 36-in. length; Alcoa can make them as large as 12-in. diam- 
eter, 60-in length. The impacts shown use aluminum alloys 1100, 6061-T6, 2024-T4 and 7075-T6. 


WHAT'S NEW IN ALCOA IMPACTS? 


IN A FIELD as revolutionary, promis- 
ing and relatively new as impact 
extrusion, you’d expect progress to 
be made rapidly. And it has! In the 
years since Alcoa pioneered this 
breakthrough in the metal-working 
arts, the impact process has been ad- 
vanced and extended to cover a wide 
variety of shapes and forms and 
special applications . . . to cut costs 
in dozens of ways... and to produce, 
in the wink of an eye, complex com- 
ponents with tolerances down to 
0.005 in. 


EACH OF THE IMPACTS shown above is 
in production. Each represents at 
least one complexity that formerly 


would have posed a real production 
headache: each achieves the opti- 
mum properties of its particular 
alloy. 

TOOLING COSTS? With few excep- 
tions, the cost of impact tooling is 
substantially less than for other 
fabricating processes. This is espe- 
cially true where the length of the 
part would require several steps by 
any other process—but with the im- 
pact process, even extremely long 
parts can be produced with just one 
set of tools and one operation, simply 
by varying the size of the original 
blank or slug. 


IN GENERAL, it’s an excellent idea to 


consider virtually any closed-end or 
tubular design as an Alcoa® Impact. 
For more specific information, and 
for on-the-spot assistance, the best 
procedure is to contact your nearby 
Alcoa sales office. Or, if you prefer, 
write to: Aluminum Company of 
America, 2028-G Alcoa Building, 
Pittsburgh 19, Pa. 


Your Guide to the Best in Aluminum Value 


For Exciting Drama 
Watch “Alcoa Theatre,” 
Alternate Mondays, 
NBC-TV, and “Alcoa 
Presents,”’ Every 
Tuesday, ABC-TV 


ALCOA 
ALUAINUM 


July 1959 © Aero/Space Engineering 81 


2 
- 
n, 
R 
10 
> 
P. 
id 
n- 
e 
> 
us 
m 
of 
ic 
it 
w- 
Pp. 
ire 
nd 
1e- 
n- 
re- 
ch 
he 
nd 
ont 
1- 


Gyroscopes 


Researchers Explore Exotic Gyros. 
Holahan. Space/ Aeronautics, May, 1959, pp 
130-133. Revision of theory and basic opera- 
tion of gyros using inherent angular momenta of 
electrons and protons. Relevant theories of 
atomic and nuclear physics are explained, and the 
working of two basic particle types—relying on 
precession and rigidity in space, respectively-—is 
diagrammed and analyzed. 


Theory of the A. 
Y. Ishlinski. (Prikl. i Mekh., No. 1, 1957, 
pp. 175-183.) U-.S., ASA RE 3- 10-59W. 
Mar., 1959. 14 pp. ‘Translation. 


Panels & Dials 


The Air Force Integrated Flight Instrument 
Panel. Constantine Svimonoff. USAF WADC 
TR 58-431 [AD 155788}, Oct., 1958. 152 pp. 
12 refs. Summary and analysis ‘of the knowledge 
obtained from the total flight experience on the 
integrated flight instrument panel. 


James 


Pressure Measuring Devices 


Pressure Instrumentation. 
Balance. W. R. Myers. CEC Recordings, 
Spring, 1959, pp. 18, 19. Design and operation 
T'the Spring Balance which provides accuracy 
and reliability unattainable with the strain-gage 
transducer. 
Manometer for Calibrating High-Altitude 
Pressure Devices. Tech. News Bul., Apr., 1959, 
p. 71. Brief description of the design and opera- 
tion of the manometer. 
Use of a Stanton Tube for Skin-Friction Meas- 
urements. S. S. Abarbanel, R. J. Hakkinen, 
and L. Trilling. U.S., NASA Memo. 2-17-59W, 
Mar., 1959. 48 pp. 21 refs. Experimental in- 
vestigation to extend the Mach Number range of 
the Stanton tube calibration, to determine when 
compressibility effects become important, and to 
propose a theoretical model for the calibration in 
various flow regimes. 


Recording Equipment 


Ill—The Spring 


Magnetic Tape System for Analog, PDM, or 
FM. Ken Fetty. Instruments & ‘ontrol Sys- 
tems, Mar., 1959, pp. 392, 393, 395. Description 


of the characteristics and the versatility of the 
magnetic tape recorder/reproducer system de- 
signed for use where high-speed acquisition of 
large amounts of precise data is required. 

Orbiting Tape Recorders. John Proctor. 
Missile Des. & Devel., Apr., 1959, p. 32. De- 
scription of the design, operation, and application 
of the tape recorder. 


Dropout Errors in Magnetic Recording Sys- 
tems. R.A. Von Behren. Auto. Control (Data 
Control), Apr., 1959, pp. 16 DC-21 DC. Analy- 
sis of the causes of dropouts associated with in- 
creased information densities, and discussion of 
means of achieving reliable operation of the mag- 
netic tape. 

Automatic Plotting of Equipotential Lines. 
Takashi Isobe and Teiji Nihei. Tokyo U. Aero. 
Res. Inst. Rep. 338, Nov., 1958. Il pp. De- 
scription of the operating principles, component 
parts, and performance of the servomechanism. 
Some illustrative examples are presented. 


Stress & Strain Measuring Devices 


Resistance Strain Gauges of Low Temperature 
Sensitivity. G. R. Higson. J. Sci. Instr., 
pr., 1959, pp. 157-159. 


Lighter-Than-Air 


. Safety Deflation Device for sane Captive Bal- 
loons. G. E. Daniels. AMS Bul., Feb., 1959, 
p. 53. Description of a mechanism for the auto 
matic deflation of captive balloons in the event of 

mooring cable breakage. 


Machine Elements 


Bearings 


The Experimenta! Determination of Ball Bear- 
ing Cage Stress. T. S. Crawford. Gt. Brit., 

RAE TN E1.159, Oct., 1958. 18 pp. 

Analysis and Characteristics of the Three-Lobe 
Bearing. O. Pinkus. (ASLE-ASME _ Lubrica- 
tion Conf., Los Angeles, Oct. 13-15, 1958, Paper 
58-LUB-2.) ASME Trans., Ser. D - BE, Mar., 
1959, pp. 49-55. Development of a solution for 
the three-lobe journal bearings based on the solu 

tion of the finite Reynolds equation. Expressions 
for eccentricity, lubricant flow, power loss, and 
spring constant are given for a range of L/D ra 
tios and ellipticities. 


Ball Motion and Sliding eR Y in Ball Bear- 
A. B. Jones. (ASM RS Jomt Av. 

, Dallas, Mar. 17-20, 58-AV 

"ASME Trans., Ser. D - BE, Mar., 1959, 

pp. 1-12. 

A Variational Approach to Lubrication Problems 

and the Solution of the Finite Journal Bearing. 
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D. F. Hays. (ASME Semi-Annual Meeting, 
Detroit, June 15-19, 1958, Paper 58-SA-54.) 
ASME Trans., Ser. D - BE, Mar., 1959, pp. 13- 
23 11 refs. 


Stabilitatea Migcarii Lagarelor Circulare Lubri- 
ficate in Regim Turbulent. V.N. Constantinescu. 
Stud. Cerc. Mec. Aplic., No. 4, 1958, pp. 997- 
1,012. In Rumanian, with summaries in Russian 
and French. Study of the stability of ball bear- 
ings for the case of turbulent lubrication, includ- 
ing derivation of the equations of motion for two 
lubricated bodies and assuming that the param- 
eters governing the motion are subjected to small 
perturbations. 


The Influence of the Molecular Mean Free 
Path on the Performance of Hydrodynamic Gas 
Lubricated Bearings. Albert Burgdorfer. 
(ASLE-ASME Lubrication Conf., Los Angeles, 
Oct. 13-15, 1958, Paper 58—LUB-7.) ASME 
Trans., Ser. D - BE, Mar., 1959, pp. 94-98; Dis- 
cussion, pp. 98-100. Derivation of a modified 
Reynolds equation for gas-lubricated bearings op- 
erating under ‘‘slip flow’’ conditions. Closed 
analytical solutions are given for a Rayleigh-type 
step-bearing and an inclined plane slider bearing 
for the case of two-dimensional flow. 


Fastenings 


New Tests and Materials for High Tempera- 
ture Fasteners. Space/ Aeronautics, May, 1959, 
pp. 107, 111, 113, 116-120. Discussion of the 
need for more accurate test equipment, and de- 
scription of an improved shear fixture. 


The Effect of Some Design Features on the 
Fatigue Life of Bolts and Nuts. Appendix I— 
Specimens and Test Procedures. Appendix II— 
Discussion on Influence of Design Features on 
Fatigue Life. Appendix I1I—Discussion on In- 
fluence of Design Features on Extension Meas- 
urements. R.B. Heywood. Gt. Brit.,. RAE TN 
Struc. 249, Sept., 1958. 26 pp. 


Seals 


Pressure Regulator Seals. A. B. Palmer. 
Missile Des. & Devel., Apr., 1959, pp. 38, 50. De- 
velopment, requirements, and operation of pres- 
sure regulator seals. 


Effect of New E-P Lubes on Elastomers for Oil 
Seals. J. Murray. Lubrication Eng., Apr., 
1959, pp. 140-143. Discussion of chemical effects 
of oil and chemical additives on elastomer seals. 


Springs 

Design of Helical Springs for Minimum Weight, 
Volume, and Length. R. T. Hinkle and I. E. 
Morse, Jr. (ASME Semi-Annual Meeting, De- 
troit, June 15-19, 1958, Paper 58-SA-9.) ASME 
Trans., Ser. B- EI, Feb., 1959, pp. 37-42. 


Maintenance 


DC-8 Maintenance Planning Philosophy. J.S. 
Farra. Douglas Serv., Mar.-Apr., 1959, pp. 3-9. 
Brief review of the evolution of the maintenance 
systems and description of the DC-8 maintenance 
planning program. 


Materials 


Air Research and Development Command 
Technical Symposium, 9-10 July rey 
Hilton Hotel, Dallas, Texas. USAF TR 
58-655, Dec., 1958. 494 pp. Som a 46 
papers covering properties and applications of 
structural materials, special purpose materials, 
electronic materials, and processes. 


Ceramics & Ceramals 


Metal Fiber Reinforced Ceramics. R. S. 
Truesdale, J. J. Swica, and J. R. Tinklepaugh. 
USAF WADC TR 58-452 [AD 207079], Dec., 
1958. 36 pp. Experimental investigation of the 
physical and mechanical properties of alumina 
containing various amounts of molybdenum fibers. 
Sintering and hot pressing techniques are devel- 
oped, and results are discussed. A brief study of 
zirconia containing molybdenum fibers is also 
made. 


Thermal Fracture Resistance of Ceramic Coat- 
ings Applied to Metal. I—Elastic Deformation. 
J. H. Lauchner and . G. Bennett. (Am. 
Ceram. Soc. 59th Annual Meeting, Dallas, May 6, 
1957.) Am.Ceram. Soc. J., Mar., 1959, pp. 146- 
150. 24 refs. AFOSR-supported study of the 
resistance to thermal fracture of four ceramic 
coatings of the cobalt-bearing, ground-coat type as 
applied to iron specimens. 


Young's Modulus of Various Refractory aoe 
als as a Function of Temperature. J. B. Wacht- 
man, Jr., and D. G. Lam, Jr. Am. Ceram. Soc. 
J., May, 1959, pp. 254-260. 34 refs. USAF- 
supported determination of Young’s modulus by a 
dynamic method for single-crystal sapphire and 
ruby, polycrystalline aluminum oxide, magne- 
sium oxide, thorium oxide, mullite, spinel, sta- 
bilized zirconium oxide, silicon carbide, and 
nickel-bonded titanium carbide. 


Metal Reinforced Ceramic Radome. L. M. 
Atlas. USAF WADC TR 58-329 [AD 155872], 
Oct., 1958. 41 pp. Investigation to explore 
methods of fabricating allowable metal-alumina 
composites and to determine some of their me- 
chanical properties. Of the configurations listed, 
specimens were prepared with metal screens, per- 
forated metal sheets, and perforated plates. 

New Ceramic Coatings Give 3000 F+ Protec- 
tion. A.V. Levy. SAE J., Apr., 1959, pp. 84- 
87. Development, application, and properties 
of flame-sprayed and reinforced ceramic coatings. 

Thermal Shock Resistance ; A Design Parame- 
ter for Ceramic Radome Walls. E. J. Luoma 
and E. B. Shand. Aero/Space Engrg., June, 
1959, pp. 43-47. Analysis of thermal stresses 
in radomes, and description of experimental work 
and data on radome ceramics for thermal stresses 
— perpendicular and parallel to the radome 
wall. 


Stability of Ceramics in Hydrogen Between 
4000° and 4500°F. Appendix—Temperature 
Calibration. Ch. E. May, Donald Koneval, and 

. ©. Fryburg. U.S., NASA Memo. 3-5-59E 
Mar., 1959. 13 pp. 11 refs. 

Cermets/Two New Forms. W. H. Herz. 
Materials in Des. Eng., Apr., 1959, pp. 98, 99. 
Description of the properties of several cermet 
coatings and the production of large and complex 
structural parts due to a special flame spraying 
process. 


Corrosion & Protective Coatings 


Design Characteristics of Hard-Anodize on 
Aluminum. Jerome Collins. Elec. Mfg., Apr., 
1959, pp. 161-163. 


The Stress-Corrosion of Aluminium Alloy 
Sheets. G. Meikle and C. Braithwaite. Gi. 
Brit., RAE TN Met. 290, July, 1958. 25 pp. 
Test results showing that the most significant 
factors are the aging temperatures and the time of 
aging at any given temperature. Higher aging 
temperatures and longer aging times favor the 
improvement of stress-corrosion resistance. 

Oxidation of Nickel-Cobalt Alloys in the Range 
of Curie Temperatures. W.W.Smeltzer. Acta 
Metallurgica, Mar., 1959, pp. 191-198. 16 refs. 
AFOSR-supported ‘study ‘of the surface oxidation 
kinetics using a vacuum microbalance technique. 


Rocket Exhaust Corrosion Simulator. F. B. 
Cramer. USAF WADC TR _ 57-379 (AD 
155762], Aug., 1957. 131 pp. 66 refs. Devel- 
opment of equipment and techniques for the eval- 
uation of the corrosivity of rocket exhaust blast 
residues in contact with aircraft materials. 


High Temperature 


Extreme-Temperature Structures; Research 
Into High-Strength Materials and Processing 
Techniques. A.R.Lytle. Aircraft Prod., May, 
1959, pp. 183-186. Abridged. 


Metals & Alloys 


Key to Metals in Design Engineering—aAn In- 
terpretation of Basic Characteristics and Behav- 
ior, S. H. Avner and H. E. Barkan. Elec. 
Mfg., May, 1959, pp. 123-146. Includes funda- 
mental properties and structures of metals and 
alloys and the effect of chemical, mechanical, and 
thermal conditions upon them. Precious and 
rare metals are among the materials considered. 


The Mechanical Properties of Certain Aircraft 
Structural Metals at Very Low Temperatures. 

L. McGee, J. E. Campbell, R. L. Carlson, and 
G.K. Manning. USAF WADC TR 58-386 [AD 
204422), Nov., 1958. 57 pp. Investigation of 
tensile and hardness properties for nine alloys at 
four temperatures from room temperature to 
—253°C. These alloys are 17-17PH and AM- 
350 stainless steels, AISI 4340 and Tricent steels, 
7079-T6 aluminum and ZK60A-T5 magnesium 
alloys, and Al1OAT, C110M, and 6A1-4V tita- 
nium alloys. Notched impact energies were de- 
termined on the two steels and the aluminum and 
magnesium alloys at the low temperatures. 


Which Method for Extrapolating Stress-Rup- 
ture Data? R. M. Goldhoff. Materials in Des. 
Eng., Apr., 1959, pp. 93-97. Comparison of three 
different parameters and master curves showing 
how well they correlate original data and how ac- 
curately they can be extrapolated. 


New Temperature Materi- 
als. VI. . D. Grinthal. USAF WADC TR 
53-190, Pt. VA [A D 155814], May, 1958. 80 pp. 
32 refs. Investigation of the mechanical and cor- 
rosive properties of five ternary systems and a 
number of binary rare earth intermetallic com- 
pounds. 


Evaluation of Alloys for High Temperature 
Gear G. Jackson, C. F. 
E. H. Rowe, a 2. H. Scott. USAF WADC 
TR 58-546 aD 206666), Dec., 1958. 79 pp. 
Presentation of data on ten different materials for 
use in gears at operating temperatures to 700°F. 
Data were obtained on hardness; dimensional 
stability; tensile, impact, and tooth fatigue 
strengths; corrosion and oxidation; and surface 
scoring resistance. 


Double Bragg Scattering in Cold-Worked Met- 
W. Beeman. Acta 


als. M. B. Webb and W. 
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SERVO-SYSTEMS 
FORCE CONTROL 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product -SARGENT. 


4 SARGENT Manufacturing SARGENT Hydraulic Pumps 
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t Pneumatic Cylinders 
, Research Machining & Grinding Servo-Systems Pneumatic Valves 
i Design Heat Treating, alltypes | Hydraulic Systems Ball Screw Actuators 
Development Plating, all types Integrated Packages Gear Actuators 
Testing Inspection Hydraulic Actuators Gear Accessory Boxes 
: Qualifying Assembly Hydraulic Valves Electronic Systems 
Handard of Excellence Since 1920 
: “GOOD WILL” is the disposition of o, INTEGRITY ENGINEERING CORPORATION 
e the pleased customer to return to the “% vw a 
. place where he has been well treated. 25 G00? MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. “s 
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Metallurgica, Mar., 1959, pp. 203-209. 
AFOSR-supported research. 

Partially Pinned Tilt Boundaries. T. Vreeland, 
Jr. Acta Metallurgica, Apr., 1959, pp. 240-245. 
AFOSR. supported presentation of the results of a 
theoretical study of the conditions under which 
small angle tilt boundaries in a crystal can be 
moved when subjected to a stress which does not 
produce general slip. Stress concentrations at 
pinned segments on a small angle boundary are 
discussed, and a “yield condition” for the motion 
of certain partially pinned boundaries is described 

Aging in Au-Ni Alloys. J. Sivertsen and C. 
Wert. Acta Metallurgica, Apr., 1959, pp. - 
282 AFOSR-supported measurements 
changes_ in physical properties of quenched al- 
loys of 79 per cent Au-30 per cent Ni when they 
are annealed at low temperatures, and interpreta 
tion of results. Changes in electrical resistance, 
volume, and Young's modulus were observed. 

Mechanism of Stress-Corrosion Cracking. 
Tech. News Bul., Mar., 1959, pp. 63, 64. Presen- 
tation of data on stress-corrosion cracking indicat- 
ing that it is primarily an electrochemical process. 


Some Quantitative Information Obtained from 
the Examination of Fatigue Fracture Surfaces. 
D. A. Ryder. Gt. Brit.,. RAE TN Met. 288, Sept., 
1958. 12 pp. Investigation showing the charac- 
teristic striations to be increased by an increase 
of fatigue stress. From the measurements of the 
distance between progression markings, the crack 
propagation rates in two areas are determined. 
Results show that cracks were propagating very 
early in the fatigue life of the specimen. 


Metallographic Changes Associated with Fa- 
tigue Deformation in the Interior of Aged Ter- 
nary Aluminium-Zinc-Magnesium Magnesium 
Alloys. I. J. Polmear and I. F. Bainbridge. 
Australia, ARL Rep. Met. 31, Oct., 1958. 33 pp. 
29 refs. Investigation of alloys in which the zine 
magnesium ratios are high showing that the fa- 
tigue process is essentially a grain boundary phe- 
nomenon and cracking is completely intercrystal 
line. Little or no evidence of deformation is 
found associated with the fatigue process in al- 
loys with a low zinc/magnesium ratio. 


Various Aspects of the 
Lives. E.J.Gumbel. USAF WADC 58-72 
155747], July, 1958. 40 pp. of (1) 
the transformation of the probability functions for 
large values of the scale parameter; (2) the prob- 
ability of the relative life; (3) the relation be 
tween scale-parameter and minimum life; and 
(4) nomographs for the rapid estimation of the 
parameters. 

Research on Ferrous Materials Fatigue. Ap- 
pendix -An Empirical Crack-Growth Equation. 
H. N. Cummings, F. B. Stulen, and W. C. Schulte. 
USAF WADC TR 58-43 |AD 155772\, Aug., 
1958. 104 pp. 10 refs. Investigation covering: 
(1) the rate of propagation of fatigue cracks; 
(2) the effect on fatigue strength of surface hard- 
ening by shot peening and plating, by carburizing, 
and by nitriding; and (3) the transverse proper 
ties of SAE 4340 steel. 

Investigation of Static and Fatigue Strength of 
Metals Subjected to Triaxial Stresses. William 
Lehrer and Harry Schwartzbart. USAF WADC 
TR 58-430 [AD 206384}, Dec., 1957. 66 pp. 
12 refs Study made to determine (a) the effect 
of triaxial stresses on fracture in static and dy 
namic loading, and (b) the brittle fracture 
strength of metal in the absence of any preceding 
plastic flow. Data are obtained for a composite 
brazed specimen with silver filler metal and 4510 
steel base metal. 


Engine Operating Conditions That Cause 
Thermal-Fatigue Cracks in Turbojet-Engine 
Buckets. J.R Po. J. W. Weeton, and R 
A. Signorelli. U.S... NASA Memo. 4-7-59E, 
Apr., 1959. 24 pp. Experimental investigation 
indicating that the cracks are initiated by thermal 
fatigue and caused chiefly by engine starts 
Crack initiation is accelerated by engine opera 
tion at rated speed and temperature, and pre 
vented by starting the engine gradually. 

Alloys for the Aircraft Industry; The Role of 
Cobalt. F. R. Morral. Cobalt, Mar., 1959, pp. 
23-36. 13 refs. Review of the industry's spe 
cific requirements and presentation of corre 
sponding data on cobalt-containing alloys of par- 
ticular interest. New alloys and procedures are 
considered 


Deformation Mechanisms During ge in 
Metals. R. Widmer. Brown Bovert Rev., 
Dec., 1958, pp. 575-581. Investigation in which 
a cellular mechanism is observed during creep 
deformation instead of the normal slip mecha 
nism 

Tensile Properties of Aircraft-Structural Met- 
als at Various Rates of Loading After Rapid 
Heating. I. H. E. Dedman, E. J. Wheelahan, 
and J. R. Kattus.§ USAF WADC TR 58-440, 
Pt. 1 [AD 206074)\, Nov., 1958. 197 pp. Evalu- 
ation of short-time tensile properties under con 
ditions of rapid heating, short times at tempera 
ture, and moderate to rapid rates of loading 
Emphasis is placed on the accurate determination 
of 0.2 per cent-offset yie'd strength and ultimate 
tensile strength. Three tool steels, one precipita 
tion-hardening stainless steel, and TA1-4V tita 
nium alloy were fully evaluated. 

Performance of Two Boron-Modified S-816 


Alloys in a Turbojet Engine Operated at 1650°F. 
W. J. Waters, R. A. Signorelli, and J. R. John 


12 refs. 


84 Aero Space Engineering « 


July 1959 


ston. U.S., NASA Memo. 3-3-59E, Mar., 1959. 
39 pp. Test results showing that the primary 
cause of bucket failures in both alloys is mechani 
cal fatigue. Impact damage occurred as a direct 
result of bucket tip fatigue failures and was a sec- 
ondary cause of bucket failures. 


Spectral Emittance of Uncoated and Ceramic- 
Coated Inconel and Type 321 Stainless Steel. 
J.C. Richmond and J. E. Stewart. U.S..NASA 
Memo. 4-9-59W, Apr., 1959. 30 pp. 21 refs. 
Measurement of the normal spectral emittance 
of Inconel and type 321 steel with different sur 
face treatments at temperatures of 900°, 1,200°, 
00°, and 1,800°F. over a wavelength range of 
1.5 to 15 microns. The data obtained are dis 
cussed and represented graphically. 

Designing for Metal Powder Structural Parts. 
J. L. Everhart. Materials in Des. Eng., Apr., 
1959, pp. 113-124. Manual on ferrous and non- 
ferrous materials, design rules and pointers, fin- 
ishing, economics of using metal powder parts, 
and typical applications. 

Some Preliminary Experiments on the Continu- 
ous Compaction of Titanium, Molybdenum and 
Tungsten. P. Evans and G. C. Smith. Metal- 
lurgia, Mar., 1959, pp. 117-120. 11 refs. 

Cobalt in Steels; What Improvements May be 
Expected. i. Habraken and D. Coutsouradis. 
Cobalt, Mar., 1959, pp. 11-22. 31 refs. Deter- 
mination of the influence of cobalt in steels and 
comparison of results obtained with technical 
data 

Further Experiments on the Effect of Heating 
Steels at Moderately Elevated Temperatures. 
G. Meikle, M. S. Binning, and L. W. Larke. 
Gt. Brit., RAE TN Met. 285, May, 1958. 20 pp. 


Metals & Alloys, Nonferrous 


Niobium (Columbium)—-Its Future Prospects. 
J. Sandor. Metallurgia, Apr., 1959, pp. 185-194. 
28 refs. Presentation of estimates on past and 
possible future consumption of niobium i in its vari 
ous fields of application, and review of some re- 
sults of recent research. 


Breakthrough in Tungsten Barrier Claimed: 
Ind. Labs., Apr., 1959, pp. 71, 72. Discussion of 
techniques for fabricating tungsten, including 
forging, powder metallurgy, deep drawing, and 
spinning of rolled tungsten. 


Metallurgy of Semiconductors, in Particular 
Germanium and Silicon. A. J. Goss. Marconi 
Rer., Ist Quart., 1959, pp. 3-17. 54 refs. 

Some Creep Data on a Nominal 4p.c. Al 4p.c. 
Mn Ti Alloy at Room Temperature, 100°C and 
200°C. L. W. Larke and R. A. Whittaker. Gz. 
Brit., RAE TN Met. 295, Sept., 1958. 16 pp 

Complex Stress Creep Relaxation of Metallic 
Alloys at Elevated Temperatures. I, II. Ap- 
pendix Application of the Various Mechanical 
Theories of Creep to the Estimation of Relaxa- 
tion Complex Stress Time Relations. A. E. 
Johnson, J. Henderson, and V. D. Mathur. Ai 
craft Eng., Mar.; Apr., 1959, pp. 75-79; 113-118. 
Investigation of the relation between complex 
stress creep under conditions of relaxation and 
Steady stress for an aluminum and a magnesium 
alloy 

Aluminium and its Alloys in 1958; Some As- 
pects of Research and Technical Progress Re- 
ported. E. Elliott. Metallurgia, Mar., 195%, 
pp. 109-116. 127 refs. Discussion including 
constitution, properties, standardization, corro- 
sion protection, and applications. 

The Mechanical Properties at Room and Ele- 
vated Temperatures of Aluminium Alloy Sheet 
D.T.D.546. D. C. Hayward. Gt. Brit., RAE 
TN Met.300, Sept., 1958. 15 pp. 

Study of Plastic Deformation in Binary Alumi- 
num Alloys by Internal-Friction Methods. E. 3 
Olson, R. E. Maringer, L. L. Marsh, and G. K 
Manning. U.S... NASA Memo. 3-3-59W, Mar., 
1959. Sl pp. 14 refs. Investigation of the 
damping capacity of several aluminum-copper 
alloys during tensile elongation. This damping 
is shown to depend on strain rate, strain, tem- 
perature, alloy content, and heat treatment 


Coarse Grain; Its Effects in High-Strength Alu- 
minium-Alloy Extrusions and a Remedy. H. B. 
Grainger and P. B. A. Willis. Aircraft Prod., 
May, 1959, pp. 170-176. 23 refs. 

The Mechanical Properties at Room and Ele- 
vated Temperatures of Titanium Alloy Sheet 7c 
6Al-4V. D. C. Hayward. Gt. Brit... RAE TN 
Vet, 302, Sept., 1958 12 pp. 


Nonmetallic Materials 


Developments in Non-Metallic Aircraft Materi- 
als. H. Bellamy. A/ércraft (Australia), Mar., 
1959, pp. 27-30, 72. Discussion of the applica- 
tions in Australia of polyester laminates and 
foamed polystyrene to aircraft construction and 
tooling 


Aircraft Timber. VI pm Plywoods. D. 
W. Richardson. SLAE J., Mar., 1959, pp. 6-8. 

Durability of Wood Assembly OKT J. 
H Colwell. Gt. Brit.,. RAE TN S.51, Nov. 
195 8 pp. 

onaiua Materials. Gladys Hargreaves. Ma- 
terials in Des. Eng., Apr., 1959, pp. 108,109. Dis 
cussion of the properties of cotton, nylon, and 
dacron for aeronautical application. 


High-Temperature Characteristics of Thermo- 
setting Laminates. Ele-. Mrg., Apr., 1959, pp 
115-11$. Abridged. 


Investigation of Glass-Fibre Reinforced Plas- 
tics. K. Michel. Brown Boveri Rev., Nov.-Dec. 
1958, pp. 567-571. Study to determine the ex 
tent to which the form and amount of the glass 
fiber reinforcement influences the resistance to de 
formation at elevated temperatures. 


Measurement of the Thermal Properties of 
Various Aircraft Structural Materials. Appen 
dix I—Specific Heat Data. Appendix II—Aver- 
age Thermal Expansion Data. Appendix III 
Thermal Conductivity Data. J. V. Melonas, P 
C. Covington, and C. D. Pears. USAF WA D( 
TR 58-179 [AD 204795|, Nov., 1958. 54 pp 
Experimental determination of the thermal ex 
pansion, specific heat, and thermal conductivity 
for six structural panels and cores through a tem 
perature range from —100° to 600°F. Some 
physical properties of these panels are also investi 
gated. 

Present and Potential Fatigue and Creep 
Strengths of Reinforced Plastics. R. B. Hey 
wood. Gt. Brit.. RAE TN Chem. 1337, Oct, 
1958. 38 pp. 31 refs. Review of available in 
formation on fatigue and creep strengths of glass 
or asbestos reinforced plastic materials covering 
testing methods, improvement of materials, and 
design data. 


What’s New in Plastics for Engineering Uses? 
M. W. Riley. Materials in Des. Eng., Apr., 
1959, pp. 105-107. Survey of data on new de 
velopments in plastics and their use as reverse 
polyesters, including new fire epoxies and im 
proved grades of ABS (acrylonitrile-butadiene- 
styrene) plastics. 

Reinforced Plastics in High Temperature Ap- 
plications. E.H. Jaffe. Ind. Labs., Mar., 1959 

pp. 67, 68, 70 74. Description of simple labora 
tory tests for selecting reinforced plastic material 
for high-temperature service. 


Formulating a Castable Polyurethane. A. J. 
Quant. SPE J., Apr., 1959, pp. 298-302. De- 
velopment of a castable elastomer, which is cured 
with proper hardeners and yields an embedment 
resin with excellent thermal-shock resistance. 

New Silicone Rubbers Meet Tough DC-8 
Specs. R.T. Daily and R. W. Scholler. Space 
Aeronautics, May, 1959, pp. 85, 86, 88, 90. 


Testing Methods 


Measurements of Thermal Properties. I. B. 
Fieldhouse, J. C. Hedge, and J. I. Lang. USAF 
WA TR 58-274 [AD 206892), Nov., 1958. 79 
pp. Measurement of the thermal conductivity, 
specific heat, and linear thermal expansion of 
various materials. Apparatus and methods used 
are described and the results are presented. 


Stress-Strain Cycles of Large Amplitude. D. 
S. Dugdale. J. Mech. & Phys. Solids, Mar., 1959, 
pp. 135-142. Experimental investigation indi- 
cating that for annealed materials the stress in- 
creases with successive cycles, but for cold-worked 
materials it diminishes, reaching steady values 
after definite amounts of plastic strain. The ma- 
terials considered were specimens of copper, steel, 
and aluminum alloy. 


Hugoniot Equation of State of Aluminum and 
Steel from Oblique Shock Measurement. Sam- 
uel Katz, D. G. Doran, and D. R. Curran. J. 
Appl. Phys., Apr., 1959, pp. 568-576. 21 refs. 
Army-supported development of a method using 
an oblique shock in a wedge-shaped specimen for 
determining the Hugoniot equation of state of 
solids. Experimental results for 24ST aluminum 
and low-carbon steel are presented, and a compari- 
son with other measurements is made. 

Single W.S. Byrnes and R.G. 
Crawford. US VADC TN 58-339 [AD 
206049), Oct., ty 38. ef pp. Development of an 
adjustable sample holder to facilitate the orienta- 
tion and subsequent grinding of single crystals of 
ferromagnetic alloys. 


Mathematics 


On the Ratio f[¢ + cf Philip. 
man. Johns Hopkins U. Dept. Math. TR 
(AFOSR TN 59-114) [AD 210399], Feb., 1939. 

pp. 

An Iterative Method for Fitting the Logistic 
Curve. J. R. Howell. Assoc. Comp. Mach. 
Commun., Mar., 1959, pp. 5, 6. 

A Note on a Method for Generating Points 
Uniformly on N-Dimensional Spheres. M. E. 
Muller. Assoc. Comp. Mach. Commun., Apr., 
1959, pp. 19, 20. 

An Efficient Method for Generating Uniformly 
Distributed Points on the Surface of an n-Dimen- 
sional Sphere. J. S. Hicks and R. F. Wheeling. 
Assoc. Comp. Mach. Commun., Apr., 1959, pp. 
17-19. 

Generalized Heat Transfer Between Solids and 
Gases Under Nonlinear Boundary Conditions. 
Avner Friedman. J. Math. & Mech., Mar., 
1959, pp. 161-183. 16 refs. 


Algebras 


A Solvable Exceptional Jordan Algebra. A. A. 
Albert. J. Math. & Mech., Mar., 1959, pp. 331- 
337. 
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Sometimes forgotten during the thundering ascent of 
a space probe rocket are months of meticulou 
analysis, engineering and planning. The staff o 
‘Space Technology Laboratories is now engaged 
a broad program of space research for the Air Force, 
the National Aeronautics and Space Administratio 
nd the Advanced Research Projects Agency under the. 
_ direction of the Air Force Ballistic Missile Division. 
or space probe projects STL provides the total concept 
approach, including preliminary analysis, ‘sub-system 
_ development, design, fabrication, testing, launch 
_ operations and data evaluation. The total task 
uires subtle original analysis in many fields as 
__ well as sound technical manageme 


talents which, have provided system engineering 
and technical direction since 1954 to the 
Ballistic Missile Program. Major missile 
stems currently in this program are 
Titan," Thor and Minute: 


~ staff openings in the areas of Advanced Syster 
1alysis, Rocket Propulsion, Space Flight Mechani 
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Note on Generalized Witt Algebras. Rimhak 
Ree. Brit. Col. U. Dept. Math. Rep. (AFOSR 
TN 58-376) [AD 154283}, Apr., 1958. 14 pp. 
Proof showing that the outer derivation algebra of 
a generalized Witt algebra is abelian, assuming 
that K is infinite. 

A Functional Canonical Form. H. A. Curtis. 
Assoc. Comp. Mach. J., Apr., 1959, pp. 245-258. 
Establishment of a fundamental canonical form 
and description of some of its properties. 
Differential Equations 

On a Class of Non-Linear Second-Order Differ- 
ential Equations. Zeev Nehari. Carnegie Inst. 
Tech. Dept. Math. TR 25 (AFOSR TN 59-179) 
[A D 211319), Apr., 1959. 32 pp. 

A Method for the Numerical Integration of Or- 
dinary Differential L. Stoller and D. 
Morrison. Math. Tables & Aids to Comp., Oct., 
1958, pp. 269-272. 

Composition of Solutions of Linear Partial Dif- 
ferential Equations in Two Independent Varia- 
bles. Hans Lewy. J. Math. & Mech., Mar., 
1959, pp. 185-192. 

Solutions of a Riccati Matrix Differential Equa- 
tion as Functions of Initial Values. W. T. Reid. 
J. Math. & Mech., Mar., 1959, pp. 221-230. ONR- 
sponsored research. 

Stability of a Numerical Solution of Differential 
Equations. W. E. Milne and R. R. Reynolds. 
Assoc. Comp. Mach. J., Apr., 1959, pp. 196-203. 
Analysis showing that the occasional application 
of Newton’s “three eights’’ quadrature formula 
over three intervals can eliminate unwanted os- 
cillation due to Simpson's rule without harm to 
the desired solution. 

Numerical Solution of Laplace's Equation, 
Given Cauchy Conditions. I. Sugai. M J. 
Res. & Devel., Apr., 1959, pp. 187, 188. 11 refs 


The Solution and Huygen’'s fora Sin- 
gular Cauchy Problem. D.W. Fox. J. Math.& 
Mech., Mar., 1959, pp. 197-219. 16 refs. Study 
ofa singular Cauchy problem of a hyperbolic par- 
tial differential equation in m + 1 variables. An 
explicit solution is presented and the question of 
uniqueness is treated. The necessary and suf- 
ficient condition for Huygen’s principle is formu- 
lated and compared with other criteria. 


Stability and Error Bounds in the Numerical 
Integration of Ordinary Differential Equations. 
Germund Dahlquist. KTH Trans. 130, 1959. 
86 pp. 19 refs. 


Boundary Contraction Solution of Laplace's 
Differential Equations. H. W. Milnes and R. B. 
Potts. Assoc. Comp. Mach. J., Apr., 1959, pp. 
226-235. Development of a stable contraction 
method of solution using an appropriate approxi- 
mation of Poisson’s integral. Practical adapta- 
tions of the method are discussed and results for 
particular examples are given. 


Elimination of Special Functions from Differ- 
ential Equations. J. E. Powers. Assoc. Comp. 
Mach. Commun., Mar., 1959, pp. 3, 4 


Functions & Operators 


Minimax Functions, Functions 
and Partitions. R.P. Agnew. Cornell U. Dept. 
Math. Rep. 77 (AFOSR TN 58-490) (AD 
158298), May, 1958. 28 pp. 

On the Order of Zeros of One-Signed Solutions 
of Elliptic Equations. R. N. Pederson. J. 
Math. & Mech., Mar., 1959, pp. 193-196. 11 refs. 


On Functions Representable as a Difference 
of Convex Functions. Philip Hartman. Johns 
Hopkins U. Dept. Math. TR 9 (AFOSR TN 59- 
11) [A D 210399}, Feb., 1959. 10 pp. 


Convolution Operators Which Are Not of Scalar 

sar: G. L. Krabbe. Purdue U. Dept. Math. 

TN 5 (AFOSR TN 58-396) [AD 154305], Apr. 
30,1958. 8 pp. 


Theorem. G. L. Krabbe. urdue U. Dep 
Math. TN 6 (AFOSR TR 58-65) [AD iss2o0], 
May 15,1958. 28pp. 18 refs. 


Operational Calculus and Generalized Func- 
tions. J. D. Weston. Royal Soc. (London) 
Proc., Ser. A, Apr. 7, 1959, pp. 460-471. Study 
of operators that can be used to generalize the 
concept of a function and to extend the Laplace- 
transform calculus. The notion of operational 
calculus and systems of generalized function are 
both considered axiomatically. 


Matrices 

7 Semi-Groups of Positive Matrices. I. 
W. B. Jurkat. Syracuse U. Res. Rep. 20(AFOSR 
TN 58-932) [AD 205097], Sept., 1958. 14 pp. 
10 refs. Extension of continuity ‘and differentia- 


bility properties of Markov processes to general 
semigroups of positive matrices. 


7" Semi-Groups of Positive Matrices. II. 
W. B. Jurkat. Syracuse U. Res. Rep. 21 (AFOSR 
TN 58-931) [AD 205096}, Sept., 1958. 17 pp. 
13 refs. Study of Kolmogorov "s differential equa- 
tions of first and higher order in terrfs of: semi- 
groups of positive matrices. 


A Generalized Matrix Algebra. Arne Bijer- 
hammar. KTH Trans. 124,1958. 32 pp. 10 
refs. Study dealing with a generalized matrix 


algebra where all matrices have at least one multi- 
plicative inverse. The different inverses, as well 
as reciprocals of an arbitrary matrix, are given. 


| Divisors of Normal Matrices. P. 
Erdés. IBM J. Res. & Devel., Apr., 1959, p. 197. 


Inversion of Toeplitz Matrices. Alberto Cal- 
deron, Frank Spitzer, and Harold Widom. Cornell 
U. Dept. Math. Rep. 76 (AFOSR TN 58-489 [AD 
158297)\, Mar., 1958. 16 pp. 


A Procedure for the Diagonalization of Normal 
Matrices. H. H. Goldstine and L. P. Horwitz. 
Assoc. Comp. Mach. J., Apr., 1959, pp. 176-195. 
ll refs. Extension of the Jacobi procedure to the 
case of normal matrices. A stable iterative pro- 
cedure is described utilizing plane unitary trans- 
formations for such matrices which yield both the 
characteristic values and their associated vectors. 


A New Method of Checking the Consistency of 
Matrices. R.B.Marimont. Assoc. 

Comp. Mach. J., Apr., 1959, pp. 164-171. Dem- 
onstration of the new method which is based on 
the theorem that a precedure matrix is consistent 
if every principal submatrix has at least one zero 
row or zero column. 


A Routine to Find the Solution of Simultane- 
ous Linear Equations with Polynomial Coeffi- 
cients. E . Larson and P. Marshall. 
Assoc. Comp. Mach. Commun., Apr., 1959, pp. 
16, 17. 


On the Connection Between the S-Matrix and 
a Class of Non-Local Interactions. Kh. Chadan. 
Ecole Normale Supérieure, Lab. Phys. TN 11 
(AFOSR TN 59-49) [AD 209420], 1959. 23 pp. 
14 refs. 


Numerical Analysis 


Fourier Analysis, A New Numerical Method. 
L. Hyv&rinen. Acta Polytechnica Scandinavica 
Ma 2 (248), 1958. 19 pp. 

Numerical Evaluation of Multiple Integrals. IT. 
P. C. Hammer and A. H. Stroud. Math. Tables 
& Aids to Comp., Oct., 1958, pp. 272-280. 14 
refs. OOR- supported research. 


Numerical Quadrature in Many Dimensions. 
David Morrison. Assoc. Comp. Mac 
Apr., 1959, pp. 219-222. Presentation of a ‘tech- 
nique for deriving numerical quadrature formulas 
for a certain class of multiple integrals, based on 
the reduction of the problem to one of approxi- 
mation of integrals of functions with fewer vari- 
ables 


A Method of Normalized Block Iteration. E. H. 
Cuthill and R.S. Varga. Assoc. Comp. Mach. J., 
Apr., 1959, pp. 236-244. 14refs. Analysis indi- 
cating that for a large class of matrix problems, 
when the equations are suitably normalized, the 
successive overrelaxation scheme can be applied 
in the same number of arithmetic operations per 
iteration as that required by the successive point 
overrelaxation scheme. The advantages of nor- 
malization of the equations are shown. 


Remarks on Continuity Conditions. P. B. 
Kennedy. Nail. U. Ireland, U. Coll., TN 2 
(AFOSRTN 58- 586) [AD 162107], 1958. 6 pp. 
Discussion of prev ious work concerning Lip- 
schitz’s conditions in intervals and sets of positive 
measure. 


The Divergence of Trigonometric Series. P. 
B. Kennedy and Siobhan O’Shea. Nail. U. 
Ireland, U. Coll., TN 3 (AFOSR TN 58-634) 
[AD 162164], 1958. 13 pp. Discussion of a 
generalization of a method due to Steinhaus for 
the construction of everywhere-divergent trigono- 
metric series with coefficients tending to zero. 

Fundamental Concepts in the Theory of Sys- 
tems. I-—Digital Processes. S. Tennenbaum. 
II—Discrete Linear Mechanisms. A. Nerode. 
Iil—Continuous Mechanisms. A. Nerode. IV 
—Weighting Functions and Function Spaces. J. 
Mehilberg. V—Finite Automata and the Repre- 
sentation of Events. J. Myhill, USAF WADC 
TR 57-624 [AD 155741}, er. 1957. 137 pp. 
18 refs. Study which includes: a discussion of 
tasks that can and cannot be performed by digital 
control systems and computing machines, de- 
velopment of theories of discrete and continuous 
mechanisms, discussion of weighting functions for 
continuous mechanisms from the point of view of 
functional analysis, and analysis of a class of 
mechanisms, known as finite automata, using al- 
gebraic techniques. 


Maximum Likelihood Estimators for Trun- 
cated Samples from Normal Populations. D. G. 
Ford. Australia, ARL Rep. SM. 264, Oct., 
1958 23 pp. Presentation of a statistical 
method for determining likelihood of failure in a 
structural fatigue test. 


Physical Applications 


Optimization of Parametric Constants for 
Creep-Rupture Data by Means of Least Squares. 
Appendix—Approximate Method for Constant- 
Stress Data. S. S. Manson and A. Mendelson. 
U.S., NASA Memo. 3-10-59E, Mar., 1959. 34 
pp. Presentation of an analytical method for 
determining the optimum parametric constants. 
The method is applied to both constant-stress 
and isothermal data. 

On Oscillators with Large Frequencies. Philip 
Hartman. Johns Hopkins U. Dept. Math. TR 9 
a TN 59-114) [AD 210399}, Feb., 1959. 

Ppp. 
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_On the Partition Function of a One-Dimen- 
sional Gas. Mark Kac. Cornell U. Dept. Math. 
Rep.75 (AFOSRTN 58-201) [A D 152234], Mar., 
1958. 9 pp. 

Analogy Between the Mechanical and Thermo- 
dynamical Equations of Motion and the Onsager 
Reciprocity Relation. I. Fenyes. (Zhurnal Teo- 
ret. « Exper. Fiz., Oct., 1958, pp. 1,039-1,041.) 
Sor. Phys. - JETP, Apr., 1959, pp. 725, 726. 
Translation, 

Probability, Statistics 

Mathematical Models for Ranking from ey 
Comparisons. H. D. Brunk. Mo. U. Dep 
Math. TR11(AFOSRTN 58-1041) (AD 2005751, 
Nov., 1958. 34 pp. 

A Generalization of the Lototsky Method of 
Summability. Amnon Jakimovski. Hebrew U. 
Dept. Math. TN 8 (AFOSR TN 58-674) [AD 
162206), June, 1958. 29 pp. Analysis showing 
that many results proved for the Lototsky method 
of summability are valid for a general class of 
transformations to which the Lototsky transform- 
ation belongs. 


Note on Unique Decipherability. E.T. Jaynes. 
Stanford U. Microwave Lab. Rep. 567 (AFOSR 
TN 59-52) [AD 209423], Jan., 1959. 13 pp. 
Presentation of a definition for ‘‘semi-optimal”’ 
transmission and a solution for an attainable rate 
of information under semioptimal conditions. 


Theory of Numbers 


The Holonomy Group. I—The Curvature 
Tensor. Vaclav Hlavaty. J. Math. & Mech., 
Mar., 1959, pp. 285-307. Study of overdeter- 
mined systems of partial differential equations 
and their solutions obtained by algebraic meth- 
ods. The mapping of connections is considered. 


An Elementary Analytic Theory of the Degree 
of Mapping in n-Dimensional Space. Erhard 
Heinz. J. Math. & Mech., Mar., 1959, pp. 231- 
247. 18 refs. 


A Deflation Map. E. Weiss. J. Math. & 
Mech., Mar., 1959, pp. 309-329. OOR-spon- 
sored definition of a deflation map (in negative 
dimensions) dual to inflation, and determination 
of some of its properties. 


Topology 


Vaguely Normal Operators on a Banach Space. 
G. L. Krabbe. Purdue U. Dept. Math. TN 4 
(AFOSR TN 58-163) [AD 152090], Mar. 5, 
1958. 15 pp. 15 refs. 


On Curvature and Characteristic of tape 
geneous Spaces. Hans Samelson. U. ich, 
Paper (AFOSR TN 57-572) [AD 136557], ow 
1958. 18 pp. Presentation of proofs for two 
theorems showing that the Riemannian curvature 
of a homogeneous space is nonnegative and that 
the Euler-Poincaré characteristic of such a space 
is nonnegative. 


Projection Constants. B. Griinbaum. He- 
brew U. Dept. Math. TN 6 (AFOSR TN 58-672) 
[AD 162204], May, 1958. 31 pp. 10 refs. 
Determination of the projection constants for a 
number of concrete spaces. 


On a Conjecture of H. Hadwiger. Branko 
Griinbaum. Inst. Advanced Study, Princeton, 
N.J., Rep. (AFOSR TN 58-1055) [AD 206983}, 
Nov., 1958. pp. Proof of a theorem concern- 
ing centrally symmetric convex sets. 


Minimal to Topological 
Dynamics. W. schalk. Penn. U. Math. 
Dept. Rep. (AFOSR TN 58-314) [AD 154218], 
Oct. 30,1958. 26 pp. 28 refs. Survey of some 
results, models, and problems of topological dy- 
namics. For simplicity of presentation, atten- 
tion is mostly confined to flows. 


On Fiberings with Sze-Tsen 
Hu. Wayne State U. Dept. Math. TN 2 (AFOSR 
TN 58-611) [AD 162139}, Aug., 1958. 32 pp. 
Presentation of a general definition of fiberings 
with singularities which includes all the known 
fiberings as special cases, and examination of sev- 
eral of these cases. 


An Extension of a Theorem of Marcinkiewicz 
and Some of Its Applications. E. M. Stein and 
Guido Weiss. J. Math. & Mech., Mar., 1959, 
pp. 263-284. 

A Note ona Theorem of Matsushima and Yano. 
S. I. Goldberg. Wayne State U. Dept. Math. 
Rep. (AFOSR TN 58-954) [AD 205347], Oct., 
1958. 6 pp. Generalization of the results ob- 
tained by Matsushima and Yano on compact 
Kaehler-Einstein manifolds and simplification of 
their proofs. 


Distal Transformation Groups. Robert Ellis. 
Penn. U. Math. Dept. Rep. (AFOSR TN 58-181) 
[AD 152214], Nov. 29, 1958. 7 pp. Study pre- 
senting a recursive characterization of distal trans- 
formation groups, and showing that, under suit- 
able restrictions on X and G (X being a topologica 
space and a group of homeomorphisms of X 
onto itself), distal is a pares strong enough to 
imply equicontinuity of G. 

Affine Transformations in a 
fold. S. I. Goldberg. Wayne State U. Dept 
Math. Rep. (AFOSR FN 58-1046) [AD 2067551, 
Nov., 1958. 12 pp. 
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Transforms 


The Spectra Be: Multiplier Transforms on 1». 
A. Devinatz and I. I. Hirschman, Jr. ash. U. 
(St. Louis), Dept. Math. Rep. (AFOSR TN 58- 
178) [AD 152211], 1959. 20pp. 14refs. 

Multiplier Transformations on A. 
natz and I. I. Hirschman, Jr. Wa U. 
Louis), Dept. Math. Rep. (AFOSR tN 58- Sd 
[AD 152210], 1959. 21 pp. 13 refs. 

On Rapidly Mixing Transformations and an 
to M. Kac and 
Harry Kesten. Cornell Dept. Math. Rep. 78 
— SR TN 58-491) (AD 158299], June, 1958. 


5p 

‘On the Measure of Hilbert Neighborhoods for 
Processes with Stationary, Independent Incre- 
ments. Glen Baxter. U. Minn. TR6 (AFOSR 
TN 58-159) [AD 152185], Jan. 1, 1958. 8 pp. 
Analysis showing that the double Laplace trans- 
form of the measure of the Hilbert neigh- 
borhood of the origin for processes with sta- 
tionary, independent increments is the solution of 
a certain differential equation. 


Mechanics 


Die Mechanik des starren Kérpers. O° 
Onicescu. Rev. Méc. Appl., No. 3, 1958, pp 
179-184. (Also in Stud. Cerc. Mec. Aplic., No. 
3, 1958, pp. 519-524.) In German. Application 
of previously developed concepts to study the 
mechanics of rigid solid bodies. 


Meteorology 


Zur Aerodynamik von Hagelkérnern. Roland 
List. ZAMP, Mar. 25, 1959, pp. 143-159. 12 
refs. In German. Description of experimental 
measurements on hail stones and various soft hail 
models in order to establish the importance of the 
deviations from the theoretical assumptions rep- 
resenting hail stones as smooth spheres. Results 
are discussed, 

On Ice-Crystal Production by Aerosol Particles. 
N. H. Fletcher. J. Meteorology, Apr., 1959, pp. 
173-180. 17 refs. Development of a general 
theory for the action of small aerosol particles as 
ice-crystal nuclei, and comparison with experi- 
ment. 

The Geographical Distribution of Clear-Air 
Turbulence. H.S. Turner. Meteorological Mag., 
Feb., 1959, pp. 33-43. Experimental investiga- 
tion of the relationship between clear-air turbu- 
lence and the nature of the terrain, taking into 
account its frequency over the sea and compar- 
ing the result with the frequency of turbulence 
over land. 


Some Spectra of Turbulence in the Free At- 
mosphere. Aaron Fleisher. J. Meteorology, 
Apr., 1959, pp. 209-211. 

Some Practica! Applications in Flying the West- 
ern and Central Pacific Jetstreams. J. G. 
Cronin. Navigation, Winter, 1959, pp. 217-233. 
Description of the three major jet streams and 
their combinations, and presentation of material 
used to determine the accuracy of the forecast 
from which flight plans are evolved. The prob- 
lems of avoiding and escaping adverse weather 
are also treated. 

A Weapons System Without Weapons. /n- 
teravia, Apr., 1959, pp. 383-385. Development 
of a global weather observation system to be in- 
stalled in jet transports. Equipment require- 
ments and functions are discussed. 


Mesometeorology—The Link Between Macro- 
scale Atmospheric Motions and Local Weather. 
Morris Tepper. AMS Bul., Feb., 1959, pp. 56- 
72. 14 refs. Discussion of the role of mesome- 
teorology in local weather forecasting. Meso- 
meteorology is the study of atmospheric motions 
of characteristic dimensions too small to make 
them readily identifiable on the macroscale synop- 
tic maps in use today. 

Observational Probabilities and Uncertainty 
Relations for Meteorology. T. A. Gleeson. J. 
Meteorology, Apr., 1959, pp. 149-154. USAF- 
supported development of expressions for the prob- 
abilities of observing one or more atmospheric 
features simultaneously. A comparison of the 
difficulties in meteorological observation with 
those in observation of atomic processes leads to a 
proposal of several meteorological uncertainty re- 
lations for small particles. 


Atmospheric Structure & Physics 


Airborne Electricity. J. W. Ford. Res. 
Trends (Cornell Aero. Lab.), Winter, 1959, pp. 
5-7. Discussion of some of the results of a two- 
year study on atmospheric electricity. Studies 
included mechanism of the field reversal, thunder- 
cloud electrification, and properties of the iono- 
sphere. 

The Stratospheric Warming of January-Febru- 
ary 1957. R. A. Craig and W. S. Hering. , 
Meteorology, Apr., 1959, pp. 91-107. 11 refs. 
Discussion of stratospheric warming with refer- 
ence to the temperature and circulation changes 
which occurred. 


Upper Air Research 


Balloon Astronomy. Martin Schwarzschild 
and Barbara Schwarzschild. Sci. Am., May, 


1959, pp. 52-59. Description of a_ balloon- 
mounted telescope-camera to take high-altitude 
pictures of the sun. The launching and return to 
earth are described as are some of the results of 
the project. 

The Weather and Project HUGO. Res. Rev., 
Feb., 1959, pp. 1-6. Description of the operation 
of project HUGO involving the launching of a 
rocket-camera combination to high altitude for 
obtaining photographs of cloud cover. 


Military Aviation, Ordnance 


ARDC; An Air Force-Science-Industry Team. 
S. E. Anderson. lst Quart., 1959, 
pp . 5-9. Description of the ARDC facilities and 
unctions including financial and personnel as- 
pects. 


Missiles, Rockets, Spacecraft 


Special Issue: The Challenge of Space. H. 
A. Manoogian. Electronics, Apr. 24, 1959, pp. 
65-80. 31 refs. Discussion of the role of elec- 
tronics in space exploration based on modern 
concepts. Techniques and equipment are cov- 
ered, and such specific aspects as environment, 
propulsion, communication, navigation and guid- 
ance, and power generation are analyzed. 


Space and the Universe—The Beginnings. 
F. B. Pollard. Spaceflight, Apr., 1959, pp. 45-47. 
Brief survey of past rocket firings and of the 
knowledge gained from them. Some future space 
experiments, such as the X-15 project, are de- 
scribed. 


Special Issue: Missiles and Astronautics. 
The Aeroplane, Apr. 17, 1959, pp. 455-482. 
Partial Contents: Prospects for British Space- 
flight, K. W. Gatland. A Year and a Half of the 
Space Age, James Strong. Britain’s Rocket 
Propulsion Establishment, J. . P. Dunning. 
Elements of Missile and Space Technology, D. 
Howe. International Missile Survey. 

Missiles, Rockets, and Space Flight. W. H. 
Pickering. Elec. Eng., May, 1959, pp. 449-459. 
Discussion of the history and present state of the 
art in missile development. 

Simulated Missile Firings. H. T. Engstrom. 
Sperryscope, 1st Quart., 1959, pp. 22-24. Discus- 
sion of the advantages and the limitations of flight 
simulation. 

Determining Air Reactions on 
hicles. II—Methods of Rocketry. M. Z. 
woblocki. USAF WADC TR 56-51, Pt. in| [AD 


(Continued on page 105) 


NEW BENDIX MS-R ENVIRONMENT 


Now available and approved in com- 
plete conformance with MIL-C-5015D. 


RESISTING ELECTRICAL CONNECTOR 


This new connector answers the demand from the 
aircraft industry for a shorter, lighter and more 
reliable environment resisting connector. This con- 
nector will inactivate practically all other MS types 
and the Military has assigned a new class letter R to 
insure incorporation of this better connector in all 
new designs. 

An important reliability feature of the new MS-R 
connector is an “O” ring at the main coupling joint 
which provides for the best possible sealing and more 
positive inter-facial compression and assures complete 
performance compatibility among all approved MS-R 
connectors. Establishment of the MS-R connector as 
the “universal”? military connector is testimony to 
the record of previous MS environmental resistant 
connectors using resilient inserts as pioneered by this 
Division. In the Bendix* connector, wire sealing is 
accomplished by an exclusive slippery rubber grom- 
met which permits convenient wire threading and 
grommet travel over wire bundles. 

Write for more complete information on this latest 
addition to the ever-growing family of Bendix elec- 
trical connectors. 


*TRADEMARK 


SCINTILLA DIVISION 
SIDNEY, NEW YORK “Gen 


AVIATION CORPORATION 


Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 


Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Bivd., Mortrea! 9. Quebec. 


FACTORY BRANCH OFFICES: Burbank, Calif.; Orlando, Florida; Chicago, I!l.; Teaneck, New Jersey; Dallas, Texas; Seattle, Washington; Washington, D. C. 
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From an original painting for CECO by R. T. Handville 


KAMAN’S H-43B HUSKIE is powered by a Lycoming T-53 gas turbine with 
complete, single-package fuel control and pumping system 
engineered and precision-produced by Chandler Evans. 


CECO’s product in the Huskie is one of a number of “unitized” control systems 
developed expressly for the fast-growing small engine field. In 

addition to controls for application in manned aircraft, 

other lightweight, compact CECO engine control systems have been developed 
for target drones and missiles, while still others are available for 

auxiliary power units in airborne and ground support systems. 


Chandler Evans pioneered single-package design of formerly separate 
fuel system components and today enjoys a position of leadership 
in the field of small engine fuel control and pumping systems. 


CHANDLER EVANS CORPORATION west HartrorD 1, CONNECTICUT 


Interesting, informative literature on many CECO products is 
yours for the asking. Please address your request to Dept. 39. 


CECO 


SYSTEMS 
CONTROLS 
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States Air Force. 


INTERNATIONAL 
AERONAUTICAL ASSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in | 
the IAS Library. This research was supported in whole or in part by the Air Force | 
Office of Scientific Research, Air Research and Development Command, United | 
| 
| 


The literature abstracted in this section is available through the lending or photo- 
SEL copying services of the IAS Library, New York. 


PUBLISHED MONTHLY BY AERO/SPACE ENGINEERING 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 4, Number 7 


ACOUSTICS, SOUND, NOISE 


THE SCATTERING OF SOUND BY A SINGLE 
VORTEX AND BY TURBULENCE, Ernst-August 
Miller and K, R. Matschat. Max-Planck-Inst. 
Strdémungsforsch. TR (AFOSR TN 59-337) [AD 
213658], Jan., 1959. 50 pp. 19 refs. Investiga- 
tion of the scattering of a plane sound wave as it 
passes through a single vortex of finite radius. 
The angular intensity distribution and the total 
power of the scattered sound are calculated in 
terms of the circulation and the radius of the 
vortex, the length of the incident sound wave, and 
the inclination angle between the direction of prop- 
agation of the incident wave and the axis of the 
vortex. The phase surfaces of the scattered 
waves are conical. For small vortex radii and 
normal incidence the intensity distribution is 
that of a cylindrical quadrupole, for great radii 
extreme forward scattering occurs. The results 
of the single vortex theory are applied to scat- 
tering by turbulence. Both isotropic and extreme 
nonisotropic turbulence are considered, Meas- 
urements confirm the theoretical predictions. 


CORRELATION BETWEEN THE SOUND 
POWER SPECTRUM OF A FREE JET AND ITS 
AERODYNAMIC CHARACTERISTICS, R. Lee 
and J, Wenzelberger. LIAS Natl. Summer Meetin 
Los Angeles, June 16-19, 1959, Paper 59-106. 
Members, $0.50; nonmembers, $1.00. 11 pp. 
Analysis showing that the sound spectrum of a 
free subsonic jet is inherently dependent upon its 
mixing and spreading characteristics. Quasi- 
empirical equations for correlating these acous- 
tic and aerodynamic properties have been devel- 
oped, The theoretical results are shown to be in 
reasonable agreement with known experimental 
observations. 


A WIND-TUNNEL INVESTIGATION OF SOME 
ASPECTS OF THE SUPERSONIC BOOM, H. W. 
Carlson. (LAS Natl. Summer Meeting, Los Angeles, 
June 16-19, 1959, Paper 59-115.) Aero/Space Engrg., 
July, 1959, pp. 38-39, 52. Abridged, Study of the 
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formation and propagation of shock fronts using 
wind-tunnel tests to determine the effects of vari- 
ous aircraft components for both the lifting and 
nonlifting cases. Comparison is made with the 
analytical method of Whitham for predicting the 
pressure rise across a bow shock. Although 
constantly overestimating by a small margin, the 
Whitham equation showed useful correlation with 
the measured data. It is concluded that the first- 
order pressure rise across the bow shock in the 
far field is dependent on the development of body 
area and not on local details. Near a lifting body, 
lift-induced pressures attenuate at a more rapid 
rate than thickness pressures. However, it ap- 
pears that there is a point beyond which no fur- 
ther interaction takes place between the upper 
and lower regions of the flow and beyond which 
lifting pressures attenuate at the same rate as 
thickness pressures. 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


THE CONSERVATION EQUATIONS FOR INDE- 
PENDENT COEXISTENT CONTINUA AND FOR 
MULTICOMPONENT REACTING GAS MIXTURES. 
W. Nachbar, F. Williams, and S. S. Penner. 
Quart. Appl. Math., Apr., 1959, pp. 43-54. Il 
refs. AFOSR-supported derivation of the equations 
of mass, momentum, and energy for a set of inde- 
pendent, coexistent continua obeying the laws of 
dynamics and thermodynamics. The idea of a con- 
trol volume and a control surface for each continu 
um is used in the analysis. The derived results 
are practically identical with relations obtained 
previously by von Karman, A direct comparison 
is conducted between the continuum theory results 
and those obtained from kinetic theory by assuming 
that, for each of the species, the kinetic theory 
definitions apply. It is found that the new terms 
appearing in the conservation equations derived 
from the continuum theory are precisely those 
which are required to make the equations identical 
with the results obtained from the kinetic theory of 
multicomponent, reacting gas mixtures. However, 
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the continuum theory forms of the equations are 
not useful without a knowledge of the transport 
properties for individual species in the mixture. 


EQUILIBRIUM STATISTICAL MECHANICS OF 
DISSOCIATING DIATOMIC GASES. Leon Heller. 
Phys. Fluids, Mar.-Apr., 1959, pp. 147-152. 
Calculation of the density, pressure, entropy, and 
enthalpy of a gas composed of a diatomic molecule 
in equilibrium with its atoms, as functions of the 
temperature and fractional dissociation. For mol- 
ecules composed of the isotopes of hydrogen, 
because of their large vibrational energies, it is 
possible to have considerable dissociation without 
vibration being important. If vibration is neglected, 
the thermodynamic variables, written in dimension 
less form, are related by equations which do not 
involve any properties of the species under consid 
eration. Curves of the pressure, density, specific 
entropy, and enthalpy are presented in the tempera- 
ture-dissociated plane. The errors introduced by 
neglecting vibration are proportional to exp (—T,/ 
T), where T,, is the vibrational temperature. 


INTERFEROMETRIC MEASUREMENT IN THE 
SHOCK TUBE OF THE DISSOCIATION RATE OF 
OXYGEN, D.L. Matthews. Phys. Fluids, Mar.-Apr., 
1959, pp. 170-178. 3l refs. ONR-supported measure- 
ment of the dissociation of oxygen behind shock waves 
at Mach Numbers of 8 to 10, over a temperature 
range of 3,000°-5,000°K. Photographs of the shock 
were made using a Mach-Zehnder interferometer 
and its velocity was measured by means of thin- 
film resistance thermometers. From this velocity 
and the state of the gas ahead of the shock, the 
state of the gas behind the shock can be calculated, 
both in the reaction zone and at equilibrium. Upto 
12% equilibrium dissociation was obtained, follow- 
ing reaction zones of the order of 1 cm. in length. 
The measured dissociation rate is adequately fitted 
by chemical collision theory within each shock re- 
action zone and over the whole experimental range. 


OPTICAL REFRACTIVITY OF HIGH-TEMPER- 
ATURE GASES. I - EFFECTS RESULTING FROM 
DISSOCIATION OF DIATOMIC GASES. R, A. 
Alpher and D. R. White. (3rd Tech. Symposium 
Ballistic Missiles, Los Angeles, July 14, 1958.) 
Phys. Fluids, Mar.-Apr., 1959, pp. 153-161. 36 
refs. USAF-supported description of some studies 
of the optical index of refraction « of dissociated 
diatomic gases. The physical interpretation of 
specific refractivity K - 1)/p being the 
density, is discussed and related to polarizability, 
and various methods of computing such quantities 
are briefly reviewed. Shock-tube experiments are 
described using optical interferometry tomeasure 
the polarizability of atomic oxygen and nitrogen. 
Results are presented and other applications of 
interferometry to the study of properties and dy- 
namics of high-temperature gases are discussed. 


OPTICAL REFRACTIVITY OF HIGH-TEMPER- 
ATURE GASES, II - EFFECTS RESULTING FROM 
IONIZATION OF MONATOMIC GASES, R. A. 
Alpher and D. R. White. ‘(3rd Tech. Symposium 
Ballistic Missiles, Los Angeles, July 14, 1958.) 
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Phys. Fluids, Mar.-Apr., 1959, pp. 162-169. 31 


refs. USAF-supported description of shock-tube 
studies of the optical index of refraction of ionized 
argon in which observed optical effects are related 
to the ionization of the shocked argon. The plasma 
dispersion formula is applied to the measured re- 
fractivities to determine values of equilibrium e- 
lectron concentrations of the order of 1017?cmz73 A 
comparison of experimental and calculated values 
of the degree of ionization shows good agreement. 
The ionization relaxation process is portrayed in 
the interferograms and may be studied in some 
detail. Some questions concerning proposed kinet- 
ics for the relaxation behind strong shock waves 
in monatomic gases are discussed. 


THE RECOMBINATION PROBLEM IN A JET 
EXHAUST NOZZLE, W. G. Browne. IAS Natl. 
Summer Meeting, Los Angeles, June 16-19, 1959, 
Paper 59-105. Members, $0.50; nonmembers, 
$1.00. 15 pp. 2l refs. Development of a recom- 
bination scheme based on the experimental work 
of Kaskan, directly applicable to lean Hp-air 
and CO/H 2-air flames (and presumably C, 
H2n-air flames) over a range of pressures and 
temperatures from 0.3-1.0 atmospheres and 
1, 500°-1, 880°K.,, respectively, andfor mixtures 
leaner than 0.95 equivalence ratio. Calculations 
are performed on a conical nozzle having anangle 
of convergence of 40°, an angle of divergence of 
20°, and a nozzle inlet area of 14.0 sq. ft. The 
original OH concentrations measured by Kaskan 
have been modified slightly. The original as- 
sumption that Doppler broadening alone was re- 
sponsible for the increased width of spectral 
lines at high temperatures in the presence of 
water and oxygen has been modified, and the in- 
fluence of pressure broadening is taken into con- 
sideration. 


STAGNATION-POINT SHIELDING BY MELT- 
ING AND VAPORIZATION. Leonard Roberts. 
US, NASA Rep. 10, Apr., 1959. 55 pp. Analysis 
of the shielding mechanism whereby rates of heat 
transfer are reduced near the stagnation point by 
two-dimensional and three-dimensional bodies 
when melting and vaporization occur simultane- 
ously. The problem is approximated to its sim- 
plest form consistent with the mass-transfer and 
heat-transfer conditions. Simple results are 
presented which give the rate of mass loss at the 
body surface and the thickness of ‘the liquid layer 
at the surface in terms of the rate of heat trans- 
fer to the unshielded body. 


SIMILARITY PARAMETERS FOR SURFACE 
MELTING OF A BLUNT NOSED BODY IN A HIGH 
VELOCITY GAS STREAM. Lester Lees. ARS J., 
May, 1959, pp. 345-354. 20 refs. Application of a 
simple model for the two-phase boundary layer 
produced by surface melting to obtain "scaling 
laws" for the regime in which vaporization does 
not occur at the gas-liquid interface. The temper- 
ature rise across the liquid film depends on. the 
local heat transfer rate and the difference in total 
enthalpy accross the gas boundary layer. Calcula 
tions of the behavior of Corning glass No. 7740 are 
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carried out for some typical flight conditions, and 
the low value of the liquid film Reynolds Number 
is shown, which indicates that the liquid film is 
almost certainly laminar. This liquid-solid system 
absorbs about six times the heat capacity of a non- 
melting copper heat sink. A study of the effect of 
mass addition to the gas phase shows that the a- 
mount of heat blocked by this process is sensitive 
to the total enthalpy difference accross the gas 
boundary layer. The increase in heat capacity at 
hypersonic velocity is considered. 


STAGNATION POINT MELTING AND ABLA- 
TION. T. R. Goodman and Charles Chin. Allied 
Res. Assoc. Rep. (AFOSR TN 59-390) [AD 213894 A 
Mar. 30, 1959. 14 pp. Investigation of melting 
and aerodynamic ablation in the vicinity of the 
stagnation point of blunt bodies, using Goodman's 
theory. Numerical results for an axially sym- 
metric aluminum body are included. It is shown 
that the quasi-steady solution is in excellent a- 
greement with the complete solution except at the 
start of the ablation process, A numerical com- 
parison between ablation of a blunt body and that of a 
flat plate, both in the same environment and having 
comparable dimensions, shows that unsteady ef- 
fects may persist longer for a complete body than 
they do near the stagnation point. The occurrence 
of an appreciable density jump for some materials 
as the state of the material changes from solid to 
liquid is analyzed. 


ON ABLATION FOR THE RECOVERY OF SAT- 
ELLITES, S. Georgiev, H. Hidalgo, and M. 
Adams. Avco Res. Lab. RR 47, Mar. 6, 1959. 
14 pp. 10 refs, USAF-sponsored investigation of 
some requirements for good ablating materials 
and presentation of an ablation theory. Experi- 
mental results for Teflon, obtained in an airarc 
wind tunnel which simulates the satellite re-entry 
environment, are given. The results are applied 
to satellite re-entry, and the heat shield weight 
required for an ablating material is compared 
with a heat sink type material. This investigation 
shows that the requirements for satellite ablating 
materials are not severe, It is also shown that 
Teflon absorbs 4,000 B.t.u./lb. of ablated mate- 
rial while beryllium can only absorb 1, 000 B.t.u./ 
lb. 


Aerothermodynamics 


STUDY OF THERMAL DISCONTINUITIES AND 
ASSOCIATED TEMPERATURE DISTURBANCES 
IN A SOLID SUBJECT TO A SURFACE HEAT 
FLUX. Il - EFFECT OF CAVITIES LOCATED 
IN THE INTERIOR OF HEAT SINKS ON SINK 
TEMPERATURE DISTRIBUTION AND ITS MA- 
TERIAL SPECIFICATIONS. J. V. Beck and 
H. Hurwicz. Avco Res. & Adv. Devel. Div. 
RAD TR-9-59-14, Apr. 28, 1959. 52 pp. Anal- 
ysis of the problems associated with the temper- 
ature disturbances created by the presence of 
voids or imperfections in heat sinks or calorim- 
eters exposed to a heat flux during re-entry. 

Two areas where the thermal effect of voids or 
imperfections is of interest are considered, 


(99) 


The transient and steady-state temperature dis- 
turbances for a number of void geometries are 
given with emphasis on the axial dimension of 
the void. Examples are presented to indicate 
how these results may be used to give the "hot 
spots'' created by voids and to write specifica- 
tions for heat sinks, calorimeters, andbonds. 


REAL GAS FLOW TABLES FOR NONDISSOCE 
ATED AIR, L. G. Kaufman, Il USAF WADC 
TR 59-4 [AD 209388], Janse, 1959. 258 pp. Tabu 
lation of the stagnation pressure and temperature; 
density ratio across a normal shock wave; and 
Mach Number, static pressure and temperature, 
and stagnation pressure and temperature behinda 
normal shock wave for several sets of given con- 
ditions. The Beattie-Bridgeman equation of state, 
including the effects of molecular vibrational en- 
ergy, is used in the calculation, The tables ex- 
tend over the entire pressure-temperature region 
wherein the Beattie-Bridgeman equation is valid. 
The use of the tables is described. 


Boundary Layer 


AUFTRIEBSERHOHUNG VON TRAGFLUGELN 
DURCH KONTINUIERLICH VERTEILTE AB- 
SAUGUNG. Hermann Schlichting and Werner 
Pechau. ZFW, May, 1959, pp. 113-119. 19 refs. 
In German. Presentation of a method for calculat- 
ing the two-dimensional incompressible turbulent 
boundary layer with continuously distributed suc- 
tion. Using this method the boundary layer of an : 
airfoil with suction in the vicinity of the leading Re 
edge is calculated. It is shown that, in order to 
obtain the most efficient increase in lift,the suction 
should be applied to a small region near the lead- _ 
ing edge instead of extending it over a larger region, an 


THE INTERACTION BETWEEN A WEAK NOR- 
MAL SHOCK WAVE AND A TURBULENT BOUND- 
ARY LAYER. G. E. Gadd. Gt. Brit., ARC CP 
424, 1959. 29 pp. BIS, New York, $0.81. Pres- 
entation of a theory for the interaction between a 
weak normal shock in an initially uniform main- 
stream and an idealized boundary layer with fric- 
tionless, one-dimensional, subsonic flow, ona . 
flat wall. The flow is assumed to take place ina = 
two-dimensional channel. For such a flow, the 
final downstream pressure depends on the ratio 
of the boundary-layer thickness to the height of 
the channel, and on the upstream Mach Number 
Mo, which is assumed to be within the range of 
ltol.l. Theoretical estimates are given for the 
downstream pressure, and their application to 
the flow through a circular pipe is considered, $i 
The theory also predicts the shape of the pres- Bs. 
sure distribution at the wall and its mode of 7 
variation with Mach Number Mg and with chan- 7 
nel height or pipe diameter. . 


A CALCULATION METHOD FOR THREE-DI- 
MENSIONAL TURBULENT BOUNDARY LAYERS, . 
J. C. Cooke. Gt. Brit., RAE TN Aero. 2576, 2 
Oct., 1958. 27 pp. Presentation of the method 3 


which depends on the assumptions that the compo- a 
nent of the velocity in the boundary layer parallel a 
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to the external streamlines follows a power law, 
and that the angle of the direction of flow of the 
boundary layer with the external streamlines is 
small, The external flow is expressed in stream 
line coordinates and the calculations follow a: 
streamline in the external flow. The momentum 
thickness is determined by a quadrature and the 
angle of the limiting with the external streamlines, 
determined from a linear differential equation. 


BEITRAG ZUR NAHERUNGSTHEORIE KOM- 
PRESSIBLER TURBULENTER GRENZSCHICHTEN 
A. Walz. DVL Bericht No, 84, Mar., 1959. 56 pp. 
3l refs. Westdeutscher Verlag, Kéln & Opladen. 
In German. Development of an approximate theory 
for compressible turbulent boundary layers. The 
infinite number of available integral conditions is 
evaluated in terms of their applicability to the case 
of laminar and turbulent boundary layers. It is 
shown that earlier theories, extending empirical 
laws obtained for the incompressible case to the 
compressible boundary layer, can be generalized 
to include heat transfer at the wall. Drag coeffi- 
cients for a flat plate, calculated on the basis of 
this generalization up to Mach Number 7, agree 
with available experimental results. 


Flow of Fluids 


THE STOKES FLOW PROBLEM FOR A CLASS 
OF AXIALLY SYMMETRIC BODIES. L. E. Payne 
and W. H. Pell. US, NBS Rep. 6372(AFOSR TN 
58-523) [AD 158336], Apr. 1, 1959. 35 pp. 24 
refs. Solution of the Stokes flow problem using 
Weinstein's generalized axially symmetric potential 
theory. The techniques employed in the solution 
of the problem are discussed; only simply connect- 
ed regions are considered. A general expression 
for the drag of the simply connected axially sym- 
metric body is obtained, and the Stokes flow prob- 
lem for the general lens-shaped body is solved. 
Some interesting special cases of this body are 
discussed along with some previously solved prob- 
lems serving as examples of the method. A 
table of the drag of various bodies in Stokes flow 
is presented. 


CONTRIBUTII LA TEORIA TURBIONARA A 
PROFILELOR SUBTIRI. A. Barglazan and O. 
Popa. Stud. Cerc. Stiint., Ser. Stiint. Teh., Jan.- 
June, 1958, pp. 57-71. In Rumanian, with summa 
ries in Russian and French. Development of anew 
method for determining the vortex distribution over 
a thin profile, applicable to the case of an arbitrary 
thin profile without introducing any limitations for 
curvature or angle of attack. A polygon is used 
to determine the variation of the turbulent intensity 
on the basis of a linear function for each segment 
of the profile. The problem is reduced to the solu- 
tion of a system of equations whose number corre- 
sponds to the number of segments in the polygon. 
These solutions define the value for the turbulent 
intensity at the center of each side of the polygon. 
When these points are connected by means of a 
continuous curve, the distribution of turbulent in- 
tensity along the profile is obtained. The total cir- 
culation or the moment in relation to the angle of 
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attack can be obtained by means of a simple inte- 


gration. The Joukowski formula indicates the lift 
when the total circulation is known. The accuracy 
of the method depends on the number of segments 
chosen. 


A STUDY OF HYPERSONIC WINGS AND CON- 
TROLS. S. M. Bogdonoff andI. E. Vas. IAS 
Natl. Summer Meeting, Los Angeles, June 16-19, 
1959, Paper 59-112. Members, $0.50; nonmem- 
bers, $1.00. 23 pp. 25 refs. USAF-sponsored 
investigation carried out at Mach Numbers be- 
tween ll and 19 in order to determine the effect of 
sweep angle and angle of attack on the pressure 
distribution. Comparison with the zero swept re- 
sults and available theories showed no correlation 
with geometrical theories (normal Mach Number), 
although relatively simple empirical relations were 
derived. The lift and moment of such wings devi- 
ate widely from such simple approximations as 
Newtonian flow. Lift control by conventional trail 
ing-edge flaps was also examined. Large changes 
in effectiveness with deflection angle were found 
as well as significant changes in the flow over the 
wing section ahead of the flap. 


THE HYPERSONIC AERODYNAMICS OF SLEN- 
DER AND LIFTING CONFIGURATIONS. F. K. 
Moore and H. K. Cheng. IAS Natl. Summer Meet- 
ing, Los Angeles, June 16-19, 1959, Paper 59-125. 
Members, $0.50; nonmembers, $1.00. 26 pp. 50 
refs, USAF-Navy-sponsored discussion within the 
framework of hypersonic small-perturbation theory 
of the effects of leading-edge bluntness and shock 
layer--boundary layer interaction, and the limita 
tions of the theory are described. New experi- 
mental results for the interaction process ona 
cold flat plate at M 2 12 are cited, The idea of local 
boundary-layer similarity is discussed in terms 
of application to slender configurations. The con 
sistent development of shock-layer theory assum 
ing a ratio of specific heats near 1 and a very 
strong shock is described, incorporating the local 
similarity theory of the laminar boundary layer. 
The special case of a cone at angle of attack is 
studied in some detail, and an explicit description 
of the entropy sublayer which is a general feature 
of such problems is included. The secondary 
flow in the hypersonic boundary layer is evaluated 
and is found to be important for slender cones, 


BLUNT NOSE AND REAL FLUID EFFECTS 
IN HYPERSONIC AERODYNAMICS, Appendix A- 
BLAST-WAVE PERTURBATION SOLUTIONS FOR 
A FLAT PLATE, Appendix B - COMBINED 
BLUNT-NOSE AND BOUNDARY LAYER INTER- 
ACTION EFFECTS. A. F. Burke. IAS Natl. 
Summer Meeting, Los Angeles, June 16-19, 1959, 
Paper 59-114. Members, $0.50; nonmembers, 
$1.00. 26 pp. 14 refs. Theoretical investigation 
of the effect of blunt nose and real fluid phenom- 
ena on the flow field about high fineness ratio 
body shapes. Results extend the theories cur- 
rently available to a wider range of flow condi- 
tions. The influence of the hypersonic effects 
on the aerodynamic and environmental character 
istics of simple shapes was determined. Inviscid 
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flow over blunt, swept wings at angle of attack, 
and inviscid-viscous boundary layer interaction 
effects were studied. It was found that the wedge 
pressure dominates the blunt nose pressure for 
an angle of attack > 15°, Combined blunt-nose 
and viscous interaction effects were investigated 
and an expression for the pressure distribution 
was found. Series of calculations of various aero 
dynamic quantities were made for a range of 
Mach Number, Reynolds Number, total enthalpy, 
nose diameter, and angle of attack. From the 
results the importance of blunt nose and real 
fluid effects on the aerodynamic and environ- 
mental characteristics of a vehicle can be deter- 
mined for a given flight condition. 


ECOULEMENT DES LIQUIDES VISQUEUX 
DANS DES CANAUX RESSERRES; SES LOIS, 
SES APPLICATIONS. Maurice Brunet. France, 
Min. de l'Air BST 121, 1958. 80 pp. 16 refs. 
SDIT, 2, Av. Porte-d'Issy, Paris 15, Frs. 1,102. 
In French. Theoretical and experimental study 
of the deviation from Poiseuille's rule exhibited 
by the high-speed flow of viscous liquids. The 
five phenomena observed include a reduction in ap- 
parent viscosity, a structural change in viscosity 
due to local shear, and a slight heating effect. The 
study includes evaluation of previously derived re- 
sults, derivation of general equations for the lami- 
nar case, calculation of the temperature distribu- 
tion (steady state) with constant viscosity, the 
case of Newtonian and non-Newtonian liquids, ap- 
plication of theoretical calculations to experimen- 
tal results, study of the Charron effect, and spe- 
cific application to the case of hydraulic dampers. 


SOME EXACT SOLUTIONS OF THE NAVIER- 
STOKES AND THE HYDROMAGNETIC EQUATIONS, 
W. C. Meecham. Phys. Fluids, Mar.-Apr.,1959, 
pp. 121-124. Presentation of a class of exact, 
closed-form solutions,. considered as generali- 
zations of Taylor's solutions, that are two-di- 
mensional, cellular, and yield velocity and mag- 
netic fields described by a single-space Fourier 
component. The spatial behavior is chosen in such 
a way that the nonlinear inertial term and the pres- 
sure term cancel one another, leaving a linear sys- 
tem to be solved. The time behavior of the solu- 
tions is quite general. The solutions to the hydro 
magnetic equations are such that the velocity and 
the magnetic fields are parallel and decoupled. 

The velocity behaves like the purely mechanical 
case while the magnetic field simply decays intime 


INHIBITION OF HYDRODYNAMIC INSTABILITY 
BY AN ELECTRIC CURRENT. Chia-Shun Yih. 
Phys. Fluids, Mar.-Apr., 1959, pp. 125-130. 
OOR-sponsored investigation of the instability in- 
hibition of a viscous fluid showing that unsymmet- 
ric convections can be delayed or completely inhi- 
bited by an electric current, whereas symmetric 
convection is not affected. This indicates a very 
interesting physical situation at the critical Ray- 
leigh Number 452.1, for an electric current just 
strong enough to inhibit unsymmetric convection. 
If the current is slightly increased, only symmet- 
tic motion will occur; if it is slightly decreased, 
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unsymmetric convection, being less stable, pre- 
vails. Thus, the physically significant solution of 
a differential system can change abruptly at certain 
critical values of its parameters. 


SHOCK WAVE PROPAGATION IN AN INFINITE- 
LY ELECTRICALLY CONDUCTIVE GAS WITH 
TRANSVERSE MAGNETIC FIELD AND GRAVITA- 
TION. S. I. Pai. ZAMM, Jan.-Feb., 1959, pp. 
40-49. USAF-supported investigation of the one- 
dimensional flow produced by a strong shock 
propagating in a gas of infinite electrical conduc- - 
tivity in the presence of a transverse magnetic 
field and a gravity field, using the Lagrangian 
method, The method of series expansion is work 
ed out in detail and applied to the case of shock 
waves in a gas of constant temperature and under 
constant transverse magnetic field. The effect 
of the magnetic field is to increase the velocity 
of the shock wave and the flow field influenced 
by the wave. The problem is also analyzed by 
means of the Eulerian method. 


ON THE INTERACTION BETWEEN SMALL 
DISTURBANCES AND DISCONTINUITIES IN MAG- 
NETOHYDRODYNAMICS AND ON THE STABILITY 
OF SHOCK WAVES. V. M. Kontorovich, (Zhurnal 
Teoret. i Exper. Fiz., Nov., 1958, pp. 1, 216-1, 225.) 
Sov. Phys. - JETP, May, 1959, pp. 851-858. 20 
refs, Translation. Presentation of a geometrical 
method for the construction of waves (reflected and 
refracted) diverging from a surface of discontinuity 
and produced by the incidence of a plane monochro- 
matic wave on a plane stationary surface of discon 
tinuity in a medium described by the equations of 
magnetohydrodynamics. On the basis of the re- 
sults obtained, the stability of shock waves with 
respect to splitting up is investigated for oblique- 
ly incident disturbances. The change in frequen- 
cy resulting from the interaction of small disturb- 
ances with shock waves is considered, 


OSCILLATIONS OF A FINITE COLD PLASMA 
IN A STRONG MAGNETIC FIELD. John Dawson 
and Carl Oberman. Phys. Fluids, Mar.-Apr., 
1959, pp. 103-lll. Analysis stressing the coupling 
of a bounded plasma with external electromagnetic 
fields in plasma investigations. The properties of 
the normal modes of a cold plasma slab and cylin- 
der, situated in a strong magnetic field, are de- 
rived and then used to discuss the transmission 
and reflection of radiation, the scattering by a plas- 
ma cylinder, the response to driving sources inthe 
vicinity of the plasma, and the radiation due to 
plasma oscillations. 


THEORY OF ELECTROSTATIC PROBES IN A 
LOW-DENSITY PLASMA, I. B. Bernstein and 
I, N. Rabinowitz. Phys. Fluids, Mar.-Apr.,195% 
pp. 112-121. Presentation of a method suitable for 
the computation of the characteristics of electro- 
static probes in cases where collisions are negli- 
gible. The appropriate Boltzmann equation is 
solved, yielding the particle density and flux as 
functionals of the electrostatic potential, the situa- 
tion in the body of the plasma, and the properties 
of the probe. This information, when inserted in 
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Poisson's equation, serves to determine the probe 
characteristics. The method is applied in detail 
and numerical results are presented for the collec- 
tion of monoenergetic ions. Results indicate that 
the potential is not so insensitive to ion energy as 
has been believed. 


REFLECTION AND REFRACTION OF SHOCK 
WAVES AT THE INTERFACE BETWEEN TWO 
MEDIA, I - CASE OF NORMAL INCIDENCE, 

A. I, Gubanov. Sov. Phys. - Tech. Phys.,Sept., 
1958, pp. 1, 869-1,874. Translation. Derivation 
of a general equation for determining the pres- 
sures in the reflected shock wave when a plane 
shock wave is normally incident on a plane inter- 
face between two arbitrary media. The equation 
is solved approximately for the case of two ideal 
gases, for shock waves of small intensity, and 
for slightly and entirely different media. 


TRIPLE-SHOCK-WAVE INTERSECTIONS. 
Joseph Sternberg. Phys. Fluids, Mar.-Apr.,1959 
pp. 179-206. 25 refs. Investigation of the validity 
of the boundary conditions that have been used at 
the intersection of three shock waves. Using the 
electric tank analogy it is found that the shock 
waves are so strongly curved near the intersection 
that the triple point angles cannot be observed in 
the laboratory. The effect of shock wave thickness 
on the boundary conditions at the triple point is 
examined. It is shown that at the intersection there 
must be a non-Rankine-Hugoniot shock wave zone 
separating the three R-H shock waves. For weak 
shock waves where the shock curvature —> © at 
the triple point, the simple boundary conditions of 
equal pressure and direction are invalid for areal 
fluid. A model for a triple shock intersection in a 
real fluid is described, and the solution for the 
limiting case 0 ( = viscosity) is discussed. 


BLAST WAVE FROM A SPHERICAL CHARGE, 
H. L. Brode. Phys. Fluids, Mar.-Apr., 1959, 
pp. 217-229. 18 refs. Description of the blast 
wave from the detonation of a spherical charge of 
TNT, based on results of a numerical calculation. 
The equations of motion and the equations of state 
for TNT and for air are described. The pressures, 
densities, temperatures, and velocities are detail- 
ed as functions of time and radius. Space-time 
relations and energy and impulse histories are 
shown. A second shock is seen to originate as an 
imploding shock following the inward rarefaction 
into the explosion product gases, and a series of 
subsequent minor shocks are seen to appear in a 
similar manner, moving out in the negative phase 
behind the main shock. 


SIMILARITY SPECTRA IN ISOTROPIC TURBU- 
LENCE, W. H. Reid and D, L. Harris. Phys. 
Fluids, Mar.-Apr., 1959, pp. 139-146. 12 refs. 
USAF -supported presentation of similarity solu- 
tions for the energy spectrum and transfer function 
in the initial period of decay for a range of values 
of the Reynolds Number using Kovasznay's trans- 
fer theory. The simple form of the theory allows 
the solution to be obtained in closed form for all 
values of the Reynolds Number, and this exact so- 
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lution is useful for analytical purposes. Numerical Pi 
methods are suggested for detailed results. Results “7 
are presented and compared with those obtained by tic 
using Heisenberg's transfer formula. Some results ab 
for the transfer function in the final period of decay di 
are also given. do 
of 
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THE MECHANICS OF LIQUID FLOW THROUGH na 
FAN SPRAY NOZZLES. N. Dombrowski, D. in 
Hasson, and D. E. Ward. Gt. Brit. MOS D.G.G. an 
W. Rep. EMR/58/11 (Imper. Coll. Sci. & Techn, an 


J.R.L. 43), Oct., 1958. 44 pp. 25 refs. Descrip ef. 
tion of the principal flow characteristics of fan 
spray sheets prior to the onset of instability and 
disintegration. Interferometry is employed to re- 
cord the variation of thickness throughout the 


sheet, and a simple analysis, experimentally con- W. 
firmed, is presented to account for the trajectory Sl 
of the free edges of the sheet. A preliminary in- R. 
vestigation has also been made of a flow occurring iA 
at the exit plane of the nozzle. Results show the 16 
effects of injection pressure, surface tension, and nc 
viscosity on the thickness parameter K, and the lit 
effect of liquid properties and injection pressure de 
on the trajectory of the edge of a fan spray sheet. ha 
so 
Stability & Control ” 
an 
FINAL REPORT ON EXTRACTION OF AIR- su 
CRAFT STABILITY COEFFICIENTS FROM is 
FLIGHT TEST DATA AND THEORETICAL AND th 
EXPERIMENTAL STUDIES ON SELECTED PROB- st. 
LEMS OF HIGH SPEED AERODYNAMICS AND ca 
DYNAMICS STABILITY. Appendix A, B - AN IN- 
VESTIGATION OF THE TRANSIENT RESPONSE 
OF A CROSS-COUPLED AIRCRAFT. Appendix 
C - RESUME OF DISCUSSIONS WITH INDUSTRY bi 
AND RESEARCH ORGANIZATIONS ON THE = 
PROBLEMS OF STABILITY COEFFICIENT EX- * 
TRACTION. Appendix D - AN INVESTIGATION = 
OF THE FEASIBILITY OF A METHOD OF OB- vl 
TAINING DATA FROM WHICH THE STABILITY as 
DERIVATIVES Cr, AND C,,. CAN BE SEPARAT- “ 
ED. L. E. Wilkie» USAF WADC TR 57-723 [AD " 
210119], Dec., 1957. 132 pp. 33 refs. Study of Wi 
the extraction of linear and nonlinear information = 
from flight results. Supplemental investigations * 
in theoretical and experimental aerodynamics ~ 
and in the wind-tunnel measurement of rotary on 
stability coefficients were concurrently performed ns 


to measure nonlinear force and moment variations. 
Simulated flight responses which were obtained on - 


a digital computer were used to study the effects oe 
on extraction accuracy of data precision, data - 
length, data increment, and factors pertinent to ; 
a given extraction method, A new statistical ex- vs 


traction method based on the maximum-likelihood 
parameter-estimation technique was developed 
and showed particular promise in the extraction 


of nonlinear aerodynamic functions. 
co: 
loc 
CONTROLS FREE ANALYSIS OF AIRPLANE 

DUTCH ROLL STABILITY; GENERAL METHODS 
AND APPLICATIONS. F. L. Pugh. McDonnell P) 
Aircraft Rep. 6497, Feb. 18, 1959. 67 pp. llrefs. W 
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Presentation of an analysis of controls free Dutch 


roll stability of conventional aircraft. The equa- 
tions of motion are derived, put into a form suit 
able for machine programing, and a typical me- 
dium size transportis studied. Fivedegrees of free- 
dom are considered in the analysis. The equations 
of motion are programed on an IBM 704 digital 
computer, and a trend study is conducted to inves- 
tigate the effects of some structural and aerody- 
namic parameters on dutch roll stability. Included 
in the trend study are the effects of the moments 
and products of inertia of the airframe, the static 
and dynamic control derivatives, and dihedral 
effect. 


Wings & Airfoils 


DESIGN OF EFFICIENT, SELF-TRIMMING 
WING MEAN SURFACES FOR CONVENTIONAL 
SUPERSONIC AIRCRAFT, L. J. Kulakowski, 

R. T. Stancil, T. Dansby, and J. D. Stewart. 
IAS Natl. Summer Meeting, Los Angeles, June 
16-19, 1959, Paper 59-116. Members, $0.50; 
nonmembers, $1.00. 15 pp. ll refs. Review of 
linearized wing theory methods that are used to 
determine self-trimming wing surface shapes 
having low drag due to lift. Methods used to 
solve for the aerodynamic characteristics of given 
surfaces are presented, A semiempirical pro- 
cedure used for fuselage corrections is described 
and an example of selecting the appropriate mean 
surfaces for a particular aircraft configuration 

is presented. Experimental results show that 

the proposed mean surface designs provide sub- 
stantial performance gains over plane or conical 
camber wings, primarily by eliminating trim drag, 


FORMULAS PERTINENT TO THE CALCULA- 
TION OF FLOW-FIELD EFFECTS AT SUPERSON- 
IC SPEEDS DUE TO WING THICKNESS. Appendix 
A - MATHEMATICAL CONDITIONS AND FUNC- 
TIONS PERTINENT TO EVALUATION OF VELOC- 
ITY POTENTIAL FOR SWEPTBACK-WING CASES, 
Appendix B - MATHEMATICAL CONDITIONS AND 
FUNCTIONS PERTINENT TO EVALUATION OF 
VELOCITY POTENTIAL FOR RECTANGULAR- 
WING CASES. Kenneth Margolis and M. H. 
Elliott. US, NASA Memo, 4-3-59L, May, 1959. 
26 pp. ll refs. Derivation of expressions based 
on linearized supersonic-flow theory for the per- 
turbation velocity potential in space due to wing 
thickness, considering rectangular wings with 
biconvex airfoil sections and arrow, delta, and 
quadrilateral wings with wedge-type airfoil sec- 
tions. The complete range of supersonic speeds 
is considered subject to a minor aspect ratio- 
Mach Number restriction for the rectangular plan 
form and to the condition that the trailing edge is 
supersonic for the sweptback wings. The formulas 
presented can be utilized in determining the in- 
duced-flow characteristics at any point in the field 
and are readily adaptable for either numerical 
computation or analytical determination of any ve- 
locity components desired. 


APPROXIMATE CALCULATION OF THE 
PRESSURE DISTRIBUTION ON A RECTANGULAR 
WING OSCILLATING IN INCOMPRESSIBLE FLOW, 
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Appendix A - PRESSURE DISTRIBUTION ON LOW 
ASPECT RATIO WING, OSCILLATING IN BEND- 
ING AND TORSION MODES, USING JONES' METH- 
OD. Appendix B - VALUE OF (C+ 6 ) AS s-+0. 
Appendix C - LIMITING VALUE OF REISSNER 
PRESSURE DISTRIBUTION. Appendix D - LIMIT- 
ING VALUE OF ASSUMED PRESSURE DISTRIBU- 
TION AS s—~+ 0. E. D. Poppleton and G, S. 
Ram. UTIA Rep. 56, Sept., 1958. 44 pp. 22 refs, 
Extension of Kichemann's method for calculating 
with acceptable accuracy, considering all aspect 
ratios, the pressure distribution on a rectangular: 
wing oscillating in bending and torsional distor- 
tion modes. The method is restricted to incom 
pressible flow and provides a solution which is 
less laborious to apply to low aspect ratio wings 
than existing lifting surface theories. This in- 
volves the inversion of a low order matrix and 
substitution in explicit formulas for Cj and C,. 
Calculated results agree well with those of more 
exact methods. 


AERODYNAMIC FIELD NEAR THE STAGNA- 
TION POINT OF A BLUNT SIMMETRICAL AIR- 
FOIL IN HYPERSONIC FLOW WITH ¥ NEAR 
UNITY. Aldo Muggia. Torino Polytech. Inst. 
Appl. Mech. Lab. TN 13 (AFOSR TN 59-339) 
[AD 213660], Feb., 1959. 15 pp. Analysis of a 
method for determining the aerodynamic field in 
the neighborhood of the stagnation point, starting 
from Whitham's theory and taking into account 
the fluid compressibility behind the shock and 
the curvature change along the airfoil, while 
neglecting viscosity, dissociation, and ioniza- 
tion. Simple formulas are given for the veloc- 
ity and pressure distribution along the airfoil 
near the stagnation point. 


ANALYSIS AND EVALUATION OF SUPERSON- 
IC UNDERWING HEAT ADDITION. Appendix A, 2 
B - ENGINEERING DERIVATION OF EFFECT OF a 
SUPERSONIC UNDERWING HEAT ADDITION. cs 
R, W. Luidens and R, J, Flaherty. Appendix a 
C - DERIVATION OF EFFECT OF SUPERSONIC 
UNDERWING HEAT ADDITION FROM POTENTIAL- 
FLOW EQUATIONS, S. H. Maslen. Appendix D - 
OPTIMUM WING ANGLE OF ATTACK AND PRO- 
FILE ANGLES, Appendix E - PERFORMANCE 
OF CONVENTIONAL WING PLUS RAMJET. Ap- 
pendix F - PERFORMANCE OF COMPOSITE BL: 
SYSTEMS. R. W. Luidens and R. J. Flaherty. 
US, NASA Memo, 3-17-59E, Apr., 1959. 55 pp. 
10 refs. Application of the linearized theory to 
determine the lift coefficient and efficiency of un- 
derwing heat addition at supersonic speeds and to 
optimize wing profile, angle of attack, and heat 
addition, Some particular nonlinear calculations 
are made for comparison with the linear theory. 
A comparison with the conventional ram-jet and 
wing is made on the basis of range and maneuver 
ability. The superiority of the ram-jet up toa 
range of Mach 8 is shown. 


TABLES FOR THE RAPID ESTIMATION OF , 
DOWNWASH AND SIDEWASH BEHIND WINGS 
PERFORMING VARIOUS MOTIONS AT SUPER- 
SONIC SPEEDS. P. J. Bobbitt. US, NASA Memo. a 
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2-20-59L, May, 1959. 177 pp. 2l refs. Presenta- 
tion of charts for the purpose of estimating the 
spanwise variations of the flow-field velocities and 
to give longitudinal variations of the dawnwash and 
sidewash at a number of vertical and spanwise 
locations due to a unit-strength unswept horseshoe 
vortex. Use of the tables and charts to calculate 
wing downwash or sidewash requires a knowledge 
of the wing spanwise distribution of circulation. 
Sample computations are presented to illustrate 
the application of charts. 


HIGH-ALTITUDE HYPERVELOCITY FLOW 
OVER SWEPT BLUNT GLIDER WINGS, M. O. 
Creager. IAS Natl. Summer Meeting, Los Ange- 
les, June 16-19, 1959, Paper 59-113. Members, 
$0.50; nonmembers, $1.00. 10 pp. 16 refs. Pres 
entation of a method for predicting surface pres- 
sures over curved profiles, taking into account the 
effects of surface inclination, the bow shock wave, 
and the laminar boundary-layer growth. Compar- 
ison is made with published results for blunt delta 
wings with sweep from 0° to 78° and angle of at- 
tack from 0° to 30°, 


LOW-SPEED WIND-TUNNEL TESTS ON A 
SERIES OF UNCAMBERED SLENDER POINTED 
WINGS WITH SHARP EDGES. D. H. Peckham. 
Gt. Brit., RAE Rep. Aero. 2613, Dec., 1958. 153 
pp. 12 refs. Results of tests on a series of three 
uncambered slender wings and twelve flat-plate 
slender wings, all with edges. Pressure plotting, 
balance measurements, and flow visualization 
tests are made to investigate the effects of plan 
form shape, thickness, and aspect ratio ontheir 
aerodynamic characteristics at low speeds. 


SURFACE PRESSURE DISTRIBUTION AT HY- 
PERSONIC SPEEDS FOR BLUNT DELTA WINGS 
AT ANGLE OF ATTACK, M. O. Creager. US, 
NASA Memo. 5-12-59A, May, 1959. 15 pp. 
Measurement of surface pressures on a blunt 60° 
delta wing at angles of attack from ~-10° to +10° 
for a Mach Number of 5.7 and a Reynolds Num- 
ber per in. of 20,000. Aft of four leading-edge 
thicknesses, the pressure distributions evidenced 
no appreciable three-dimensional effects andwere 
predicted qualitatively by a method described for 
the calculation of pressure distribution in two- 
dimensional flow. Previous test results on blunt 
triangular wings were found to substantiate the 
near two-dimensionality of flow and were used to 
extend the range of applicability of the method of 
surface pressure predictions to Mach Numbers 
of 11.5 in air and 13.3 in helium. 


THEORETICAL AND EXPERIMENTAL INVES- 
TIGATION OF SECOND-ORDER SUPERSONIC 
WING-BODY INTERFERENCE. M. Landahl, G. 
Drougge, and B. Beane. IAS Natl. Summer Meet- 
ing, Los Angeles, June 16-19, 1959, Paper 59-117. 
Members, $0.50; nonmembers, $1.00. 15 pp. 
Calculation of approximate second-order solutions 
for the supersonic flow around wing-body combina- 
tions at comparatively high Mach Numbers (M >3) 
using two different theoretical models. An approx 
imate formula, common to the two models, is found 
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for the second-order interference term and can 
also be used to correct experimental pressure dis- 
tributions for the effect of nonuniformities in the 


wind-tunnel flow. Wind-tunnel experiments on 
nonlifting cone-cylinder bodies in combination 

with wings of simple shapes were performed to 
test the theory. Pressure distributions were 
measured at Mach Numbers of 3 and 4, botharound 
the bodies and on the wings separately, as well as 
in combination, and it was found that the second- 
order interference was predicted reasonably well 
by the simplified theory. 


AEROELASTICITY 


EXPERIMENTAL INFLUENCE COEFFICIENTS 
AND VIBRATION MODES OF A MULTISPAR 60° 
DELTA WING. D. J. Weidman and E, E, Kordes, 
US, NASA Memo, 2-4-59L, May, 1959. 28 pp. 
Measurement of static influence coefficients for 
both symmetrical and antisymmetrical loading with 
the wing on a three-point support. The first six 
frequencies and corresponding nodal patterns were 
measured for the wing in an essentially free-free 
condition. In addition, the first three symmetri- 
cal mode shapes and frequencies were calculated 
from the experimental influence coefficients. 


OSCILLATIONS HARMONIQUES DES AILE- 
RONS DE FORME GENERALE EN REGIME SU- 
PERSONIQUE, E, Carafoli and S. Sandulescu. 
Arch, Mech. Stosowanej, No. 6, 1958, pp. 77l- 
782. In French, with summaries in Russian and 
Polish. Investigation of the motion of triangular 
wings oscillating harmonically in supersonic flow. 
The problem can be reduced to the study of cer- 
tain higher-order homogeneous motions and can 
be solved by means of previously obtained results 
for conical flows. The harmonic oscillations of 
an aileron are considered as a special case in 
which the problem is reduced to the calculation 
of motions of two appropriately selected triangu- 
lar surfaces. The expressions for the pressure 
coefficients of ailerons with subsonic and super- 
sonic leading edges can be then deduced. The 
values influencing the suction forces occurring 
on the subsonic leading edge are also determined. 
The derived results are applicable to wings of 
triangular or trapezoidal plan form, 


EFFORTS AERODYNAMIQUES NON STATION- 
NAIRES SUR UNE AILE MINCE DE TRES FAIBLE 
ALLONGEMENT EN DEFORMATION, J.P. 
Guiraud. France, ONERA Pub. 95, 1959. 37 pp. 
18 refs. In French. Application of the concept of 
“transverse sections" to the calculation of non- 
stationary aerodynamic forces on a thin wing of 
very low aspect ratio in deformation. The wing 
is assumed to be deformable and the deformation 
modes harmonically dependent on time. The pres- 
sure distribution over the wing is determined for 
application to cases of small but finite aspect ra- 
tio. The process of calculation is described in 
detail. 


GUST ALLEVIATION STUDY. I - ESTIMA- 
TION OF THE CONTROL DERIVATIVES FOR 
FLAPS, SPOILERS, AND OTHER CONTROL 
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DEVICES INTENDED FOR USE AS GUST ALLE- 
VIATORS, A. L. Jones, A. E. Cronk, O. P. 
Lamb, Ch. D. Christopherson, and D. C. 
Nichols. II] - WIND TUNNEL DETERMINATION 
OF SPOILER AND FLAP EFFECTIVENESS, 

D. C. Nichols. Il - PREDICTION OF THE AL- 
LEVATION OF GUST LOADS ON A RIGID RE- 
STRAINED WING UTILIZING WING INSTALLED 
ALLEVIATOR DEVICES, A. L. Jones, Ch. D. 
Christopherson, and D. C. Nichols. IV - ESTE 
MATED INDICIAL LIFT RESPONSES OF FLAP 
AND SPOILER CONTROL DEVICES AT SUBSON- 
IC SPEEDS, A. L. Jones and Ch. D. Christo- 
pherson. USAF WADC TR 57-750, Pts. I, UH, 

Ill, IV [AD 208143; AD 208144; AD 208145; AD 
208146], Jan., 1958. 186; 79;170;15 pp. 95refs, 
I - Estimation of the static lift, pitching moment, 
drag, and downwash derivatives with respect to 
control operation and the control indicial lift re- 
sponses, which include aerodynamic lag effects. 
The aerodynamic and geometric variables inves- 
tigated include Mach Number, aspect ratio, taper 
ratio, sweepback, spanwise location, chordwise 
location, thickness ratio, and trailing-edge angle. 
The predicted lift and pitching moment coefficients 
are compared with experimentally determined 
values. Il - Presentation of test results in coeffi- 
cient form without analysis. II - Calculation of 
the per cent alleviations of sharp-edged and one- 
minus-cosine gust loads on rigid, restrained 
wings having as alleviator devices trailing-edge 
flaps, mechanical spoilers, air-jet spoilers, and 
streamwise slots. On the basis of results obtain 
ed, mechanical spoilers and trailing-edge flaps 
were rated as feasible controls for gust load alle- 
viation, the air-jet spoilers were rated question- 
able due to the excessive power requirements in- 
dicated, and the streamwise slots were rated 
questionable due to their relatively low and uncer- 
tain aerodynamic effectiveness. IV - Derivation 
of flap responses within the framework of two-di- 
mensional subsonic, compressible flow theory by 
the application of a reverse flow theorem to results 
previously derived for complete airfoils. 


FORCED VIBRATION OF A SYSTEM OF ONE 
DEGREE OF FREEDOM DUE TO PERIODIC 
FORCES, WITH DAMPING CHARACTERIZED BY 
A STRONG NON-LINEARITY. Zbigniew Osinski. 
Arch. Mech. Stosowanej, No. 1, 1959, pp. 33-44. 
Analysis considering a system having a periodic mo- 
tion with bounded amplitude. This problem is encoun- 
tered in practice for motions dampened by the in- 
ternal friction of the material. It is shown that if 
the initial values, the vibration provoking force, 
and the parameters of the system satisfy certain 
conditions, the motion of the system which has a 
nonlinear bounded damping characteristic remains 
bounded under the action of a periodic force. If 
the time increases indefinitely, the motion tends 
asymptotically to a periodic motion with a frequen 
cy equal to that of the vibration provoking force. 


THE DYNAMIC NON-STEADY AXIALLY SYM- 
METRIC PROBLEM OF A CYLINDER. Sylwester 
Kaliski. Arch. Mech. Stosowanej, No. 6, 1958, 
pp. 793-810. Presentation of a solution for the dy- 
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namic problem of a circular cylinder. Assuming 
a suitable basic system, solutions are developed 
for the vibration forcing field and the displacement 
tensor due to unit impulses. A system of integral 
equations for the reactions on the walls, satisfying 
the required boundary conditions, is obtained and 
the Laplace's transformation is applied. This sys- 
tem is reduced to an infinite system of algebraic 
equations whose regularity is shown. The exist- 
ence and uniqueness of the solution are proved and 
the unknowns appraised. The problem of inverse 
transformation of the solution and the application 
of the theory of multiplicative systems of equations 
are discussed. 


THREE-DIMENSIONAL INVESTIGATION OF 
THE PROPAGATION OF WAVES IN HOLLOW 
CIRCULAR CYLINDERS, I - ANALYTICAL 
FOUNDATION. Il - NUMERICAL RESULTS. D.C. 
Gazis. ASAJ., May, 1959, pp. 568-578. 19 refs. 
Analysis within the framework of the linear theory 
of elasticity for the propagation of free harmonic 
waves along a hollow circular cylinder of infinite 
extent. A characteristic equation appropriate to 
the circular hollow cylinder is obtained by use of 
the Helmholtz potentials for arbitrary values of 
the physical parameters involved. Axially sym- 
metric waves, the limiting modes of infinite wave- 
length, and a special family of equivoluminal 
modes are derived and discussed as degenerate 
cases of the general equations. Numerical re- 
sults obtained on a digital computer are given, 
and comparison is made with the corresponding 
results of shell theory. 


INEXTENSIONAL VIBRATIONS OF A SPHERE- 
CONE SHELL COMBINATION. Herbert Saunders 
and P, R. Paslay. ASA J., May, 1959, pp. 579- 
583. Application of the Rayleigh inextensional 
theory for thin shells to predict the natural frequen 
cies of a sphere-cone combination. For a particu- 
lar case, the calculated and measured natural fre- 
quencies of shells of nonuniform thickness are de- 
termined. In comparing the experimental values of 
the lowest five "bell" frequencies with the predict- 
ed inextensional theory good agreement is obtained. 


AIRPLANES 
Design 


AIRCRAFT LOAD AND TEMPERATURE DE- 
SIGN CRITERIA THROUGH SIMULATION AND 
RANDOM PROCESSES. J. E. Martin, M. L. 
Richards, W. W. Kitts, and W. W. Hoy. IAS 
Natl. Summer Meeting, Los Angeles, June 16-19, 
1959, Paper 59-86. Members, $0.50; nonmem- 
bers, $1.00. 19 pp. Presentation of a method 
intended to make available to the designer the in- 
formation for defining the likelihood of occur- 
rence associated with a critical maneuver, and 
also to permit an assessment of the history of 
the airplane up to any point of time in flight. 
Statistical analysis and probability theory are 
used to define the bivariate probability distribu- 
tion function of load and temperature. It is as- 
sumed that the required aircraft missions and 
the operational capabilities of the configuration 
are definable in detail. Given this information, 
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it is possible, by utilizing presently available 
operational data and a flight simulator, todefine 
the probability of occurrence of specified devia- 
tions from the given mission in aircraft velocity, 
altitude, and load factor, If a study is then 
made of a combination of these missions up to a 
specific point in time, the past history of the 
aircraft is thereby established. 


Fuel Tanks 


A SURVEY OF THE ANALYSIS AND DESIGN 
PROBLEMS OF INTEGRAL PROPELLANT 
TANKS, Ivan Rattinger and R. H. Gallagher. 
IAS Natl. Summer Meeting, Los Angeles, June 
16-19, 1959, Paper 59-108. Members, $0.50; 
nonmembers, $1,00. 3l pp. 34 refs, Review 
of problems of integral fuselage fuel tanks for 
high performance aircraft emphasizing the ther- 
mal environment occasioned by high perform- 
ance, In some areas, notably fuel sloshing, el- 
evated temperature design criteria, and the fail- 
safe design of thermally affected structures, 
there is a notable lack of useful design informa- 
tion, The explicit treatment of overall design 
considerations is restricted to comparisons of 
optimum weight for protected and unprotected 
fuselage structural configurations, The entire 
group of structural and mechanical considera- 
tions strongly suggests the use of protective 
systems, either insulated or insulated and cool- 
ed, for the modifications of the effects of aero- 
dynamic heating. 


Landing, Landing Loads 


STRUCTURAL FLEXIBILITY AND UNDER- 
CARRIAGE IMPACT LOADS, H. R. Alexander. 
Aircraft Eng., May, 1959, pp. 126-130. Discus- 
sion of undercarriage landing reactions and dy- 
namic stresses with reference to the merging of 
the two calculations under certain circumstances. 
A formulation of the combined problem is outlined, 
and numerical examination of a simple case shows 
that in some cases the reaction forces are appre- 
ciably reduced by the adoption of the combined ap- 
proach. Finally, a criterion is derived which 
could be used in the early stages of undercarriage 
design to predict the effect of aircraft flexibility. 


FUELS & LUBRICANTS 


A DERIVATION OF THE BASIC EQUATIONS 
FOR HYDRODYNAMIC LUBRICATION WITH A 
FLUID HAVING CONSTANT PROPERTIES, H. G. 
Elrod, Franklin Inst. Labs. Interim Rep. 
I-A2049-5, Apr., 1959. 2l pp. Derivation of the 
Reynolds lubrication equations, and refinements 
thereof, from the full Navier-Stokes equation, 
for fluids having constant properties, using small 
parameter techniques. Applications of similar 
analytical techniques to other geometries, such 
as those occurring in thrust bearings, are consid- 
ered, General tensor analysis is used to derive 
the differential equations for flow in a curvedfilm 
of arbitrary thickness. A refined Reynolds' equa- 
tion for a journal or slipper bearing is presented, 


98 Aero/Space Engineering + July 1959 


and its order of error is given, The applicability 
of Reynolds' equation for the constant property 
fluid is justified. 


THE STRAIN ANALYSIS OF SOLID PROPEL- 
LANT ROCKET GRAINS, Appendix A - EXAM- 
PLE OF VISCOELASTIC PRESSURE STRESSES, 
Appendix B - EXAMPLE OF VISCOELASTIC 
THERMAL STRESSES, Appendix C - EXAMPLE 
OF VISCOELASTIC BEHAVIOR UNDER GRAVITY. 
M. L. Williams. IAS Natl. Summer Meeting, Los 
Angeles, June 16-19, 1959, Paper 59-H0. Mem- 
bers, $0.50; nonmembers, $1.00. 23 pp. 33 refs. 
Study of the practical aspects of the elastic-visco- 
elastic analogy as applied to steady pressure and 
temperature loading on star grains. The use of 
previously developed pressure and thermal stress 
concentration data for propellant analysis is des- 
cribed, and the importance of physical property 
data and material representation by mathematical 
models is discussed. In addition, the need for 
some presently lacking physical property data 
and a satisfactory failure criterion for grain ma- 
terials is discussed. 


MISSILES, ROCKETS, SPACE CRAFT 


SOME NOTES ON DYNAMICS OF TRAJECTO- 
RIES. Harold Klein. Douglas Rep. SM-23288, 
Mar., 1959. 280 pp. 25 refs. Presentation of 
some problems on dynamics of particles in a 
vacuum and on propulsion. Solutions are given 
for some of the following problems: projectiles 
on parabolic paths; circular orbits; conical orbits; 
time histories, small perturbations, and two- 
bodies; impulsive transfer between orbits; low 
thrust transfer between orbits; gaining energy 
from moving bodies; the central force orbit and 
coordinate transformations; perturbations out of 
the plane and rotating earth; and multi-stage 
rockets. 


GRAVITATIONAL PERTURBATIONS OF A 
BALLISTIC MISSILE TRAJECTORY. Il - THE 
EFFECTS OF GRAVITY ANOMALIES, Appendix 
I - DISTRIBUTION OF SURFACE GRAVITY ANOM- 
ALY AND DEFLEXION OF THE VERTICAL DUE 
TO A POINT MASS BELOW THE SURFACE, Ap- 
pendix II - DERIVATION OF THE EQUATION OF 
AN ORBIT ABOUT TWO CENTRES OF NEWTONE 
AN ATTRACTION. Appendix Ill - CALCULATION 
OF THE IMPACT POINT, Appendix IV, V-A 
SIMPLE FORMULA FOR ESTIMATING THE 
CHANGE IN RANGE DUE TO AN ANOMALY 
CAUSED BY A POINT MASS IN THE REGION OF 
THE LAUNCH POINT. M. F. C. Woollett. Gt. 
Brit., RAE TN G.W.501, Nov., 1958. 49 pp. 

ll refs. Investigation of the changes in range and 
line of a vacuum ballistic trajectory over a spheri- 
cal earth caused by the presence of a point mass 
near the launch point. The calculation of the 
change in range and line within about 2% of the 
exact solution is shown. Three methods are de- 
scribed of which the first is exact but applies 

only when the disturbing mass lies in the plane of 
the trajectory. The second, simpler than the 
first, is a perturbation method applicable for any 
position of the point mass. The third method gives 
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a very simple formula for the range change when 
the point mass is sited vertically beneath the 


launch point. Results are given in graphical form, 
and it is concluded that the effects of typical grav- 
itational anomalies on the ballistic phase of the 
trajectory are quite negligible. 


ON THE PROBLEMS OF RE-ENTRY INTO 
THE EARTH'S ATMOSPHERE, A. C. Robinson 
and A, J. Besonis. USAF WADC TR 58-408 
[AD 203790], Aug., 1958. 63 pp. 20 refs. Study 
of the re-entry problem from the standpoints of 
deceleration, heating, and accuracy of impact 
for re-entry speeds consistent with return from 
near satellite orbits and from a circumlunar orbit 
under several configurations of lift and constant 
or variable drag coefficient assumptions. Heating 
considerations are based only on stagnation point 
influences. It is shown that deceleration and peak 
heating rates are not larger than those occurring 
in ballistic missile re-entries. The total heat 
input, however, is much larger, as the heating 
occupies a much longer time. Simple, nonlifting 
re-entry from satellite orbits appears to be fea- 
sible, whereas lunar re-entry presents a severe 
total heat problem and high accuracy require- 
ments, 


PILOTED ENTRIES INTO THE EARTH'S AT- 
MOSPHERE. J. M. Eggleston and D. C. Cheat- 
ham. IAS Natl. Summer Meeting, Los Angeles, 
June 16-19, 1959, Paper 59-98. Members, $0.50; 
nonmembers, $1.00. 27 pp. Summary of research 
on the requirements of stability, control, deceler- 
ation, and piloting techniques necessary for a con- 
trolled descent from orbit into and through the 
earth's atmosphere. Results are presented for (a) 
analytical studies of methods by which various 
trajectory parameters may be controlled, (b) static 
simulator studies of methods of navigation or range 
control during piloted atmospheric entries, and(c) 
dynamic simulator studies using a human centrifuge 
to investigate the effects of deceleration upon the 
pilot's ability to control a vehicle during reentry. 
L. The studies indicate that in the high-drag condition, 
low static stability and high moments of inertia 
are desirable, both from trim capability consider- 
ations and from the desirability of low-frequency 
oscillations. It is concluded that a vehicle having 
| low static stability ani relatively high moments of 
inertia could be controlled by the pilot during an 
entry at a condition of zero damping. 


ON THE ROTATIONAL MOTION OF A BODY 
RE-ENTERING THE ATMOSPHERE, T. B. 
Garber, J. Aero/Space Sci., July, 1959, pp. 
443-449, Formulation of the exact equations of 
motion of a body acted upon by aerodynamic and 
gravitational forces. Assuming that the spinrate 
of the vehicle is constant and of such a magnitude 
that Magnus forces may be ignored, expressions 
are developed for the applied forces and moments 
of forces, The equations of motion are linearized, 
and the translational and rotational modes are un- 
coupled, With the assumption that the translational 
equations may be solved independently, the rota- 
tional equations of motion are reduced to two cou- 
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pled linear equations with known variable coeffi- 
cients. A solution of the planar case is obtained 
utilizing a modified WKBJ approximation method, 
and the technique is extended to the coupled case. 
The stability of the oscillations is examined and 
the force solution briefly investigated. Results 
are compared with those of previous studies, 


ON THE MOTION OF SPINNING RE-ENTRY 
BODIES. E. Migotsky. Avco Res. & Adv. Devel, 
Div. RAD TR-9-59-6, Apr. 29, 1959. 25 pp. 
Analysis of the motion of a symmetric, spinning, 
re-entry vehicle, based on a small perturbation 
about the ballistic trajectory. Linearity of aero- 
dynamic coefficients with angle of attack and 
angular velocities are assumed. For the sim- 
plified case, in which the assumptions of constant 
aerodynamic coefficients and derivatives, an ex- 
ponential atmosphere, and negligible effect of 
gravity are used, the linearized equation of mo- 
tion for the vector angle of attack is derivedand 
an approximate solution obtained by using the 
WKB method. For the extended case, in which 
the effects of curvature of the trajectory, varia- 
bility of aerodynamic coefficients with Mach 
Number, and the effects of gravity are takeninto 
account, only the linearized equation of motion 
and the approximate solution for the oscillatory 
motion are presented. Solutions obtained bythe 
linearized analysis are compared with some 
analog solutions, 


CONFIGURATION SELECTION OF RE-ENTRY 
VEHICLES, J. H. Quillinan, L. London, and 
B. A. Aston. IAS Natl. Summer Meeting, Los 
Angeles, June 16-19, 1959, Paper 59-97. Mem- 
bers, $0.50; nonmembers, $1.00. ll pp. Pres- 
entation of the method, assumptions, pertinent 
equations, and results of a digital computer pro- 
gram for the configuration selection of a re-en- 
try vehicle with ablative heat protection. In ad- 
dition, a simple method of initial re-entry 
weight estimate is given. A comparison is made 
between four production re-entry vehicles and 
the results calculated by the computer program. 


GRAPHISCHE ERMITT LUNG DER HAUPT- 
EINF LUSS- UND VORENTWURFSGROSSEN VON 
FLUGKORPERN. Oscar Scholze. Raketentech. : 
& Raumfahrtforsch., Apr.-June, 1959, pp. 36-44, 
In German. Survey, using simplifying assump- 
tions, of ballistic and ballistic-aerodynamic (hy- 
personic or boost glider) missile configurations 
which allows a rapid determination of main design 
parameters. A diagram is presented, which in- 
cludes the gravity field and the effect of initial 
acceleration and shows the important connection 
between specific impulse and mass ratio. The 
applicability of the diagram is illustrated by 
using examples of vehicle types ranging in size 
from the A-4 rocket (V-2) to satellite carriers. 


DESIGN OF LARGE-AREA ASTRONAUTICAL 
OBJECTS. G. A. Hoffman. (IAS Natl. Summer 
Meeting, Los Angeles, June 16-19, 1959, Paper 59- 
89.) Aero/Space Engrg., July, 1959, pp. 48-52. 
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Abridged. Discussion of configurations, materials, 
and shape-retention techniques considering weight/ 
area ratio, function, storage, lifetime, and eco- 
nomics. It is concluded that the most critical factors 
in the design of large-area vehicles are the choice 
of material and choice of configuration. The weight 
of the vehicles is shown to be proportional to the 
density/ strength value of the chosen material, as 
well as to its modulus/strength ratio. Trends in 
the improvement of materials are discussed. A 
technique offering the best potential is the full 
utilization of atomic cohesion in filamentary ma- 
terials ("whiskers"), 


ANALYTICAL AND NUMERICAL STUDIES OF 
THREE-DIMENSIONAL TRAJECTORIES TO THE 
MOON. Appendix - EVALUATION OF TIME AND 
ANGLE INTEGRALS, A. B. Michelwait and R. 
C. Booton, Jr. IAS Natl. Summer Meeting, Los 
Angeles, June 16-19, 1959, Paper 59-90. Mem- 
bers, $0.50; nonmembers, $1.00. 23 pp. Pre- 
sentation of theoretical calculations of lunar tra 
jectories for the conventional two-dimensional 
case and for a three-dimensional case when 
considering problems arising from a nonoptimum 
location of launch sites. In the two-dimensional 
case the earth-moon-vehicle system is treated 
as a succession of two-body problems. The ana- 
lytic statement of the required accuracy to impact 
on the moon's surface is determined and compared 
with the actual accuracy needed. The effect on 
the necessary guidance accuracy of launching out 
of the plane of the moon is examined. This analy- 
sis indicates that the velocity accuracy require- 
ments increase sharply as the plane of the trajec- 
tory is inclined with respect to the plane of the 
moon, and also that the accuracy requirements 
vary greatly for different launch times, both for 
given times of the day and given days of the 
month, 


PERFORMANCE OF NUCLEAR ROCKET FOR 
LARGE-PAYLOAD, EARTH-SATELLITE BOOST- 
ER, E,. W. Sams. IAS Natl. Summer Meeting, 
Los Angeles, June 16-19, 1959, Paper 59-94. 
Members, $0.50; nonmembers, $1.00. 23 pp. 
Evaluation of the performance of single-stage, 
heat-transfer-type nuclear rockets using either 
dispersed-fuel-in-graphite reactors or tungsten 
fuel-element-in-BeO reactors with hydrogen as 
a propellant. The reactor and nuclear rocket 
‘performance is presented for several reactor 
sizes and for a range of reactor operating con- 
ditions to show the effect of important reactor 
variables and to predict payload versus gross 
weight characteristics for nuclear rockets ofthis 
type. It is shown that the BeO-tungsten reactor 
must operate at temperatures about 10% higher 
than the graphite reactor for the same perform- 
ance. The graphite reactor also offers lower 
uranium investments and reduced system com- 
plexity. Nuclear rocket payloads up to about 
10% of the gross weight are indicated. 


ON SATELLITE ORBITS. Herbert Knothe and 
R. H. Anderson. USAF MDC TR 59-11 [AD 211523], 
Apr., 1959. 15 pp. Derivation of fundamental 
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formulas concerning the behavior of the angular 
momentum vector and apogee and perigree motion 
of a satellite under the influence of a nonspherically 
symmetric earth, 


PERTURBATIONS OF A TWENTY-FOUR HOUR 
SATELLITE ORBIT. Don Lautman. Avco Res, Lab, 
RR 43, Mar.,1959. 12 pp. USAF-sponsored study 
to determine the orbit changes of an artificial satel- 
lite which is essentially stationary with respect tothe 
surface of the earth. The interest in this problem 
is based on the 24-hour communication satellite. 
Launching precision requirements are established; 
and the major perturbations due to the sun, the 
moon, and the equatorial bulge are analyzed. It is 
concluded that the major problem in establishing a 
stationary satellite will be in the launching. Once 
established, the satellite will remain within 1° of 
its original position for the first year. 


THE EFFECT OF THE EARTH'S ATMOSPHER- 
IC ROTATION ON THE ORBITAL INCLINATION 
OF A NEAR EARTH SATELLITE. R.N, A, 
Plimmer. Gt. Brit., RAE TN G. W.504, Jan., 
1959. 23 pp. Derivation of a theoretical formula 
expressing the change in orbital inclination of the 
satellite. Various assumptions are made. A com. 
parison of the change in orbital inclination as cal- 
culated from the theoretical expressions with those 
evaluated from kinetheodolite observations for 
Sputnik 2 (1957 g ) shows reasonably good agree- 
ment. The corresponding comparison for the 
rocket of Sputnik 3 (1958 §)) suggests that the the- 
oretical curve should be slightly steeper, although 
the discrepancy could well be due to the inaccura- 
cy of the observations. 


CORRECTION OF EPOCH ERROR IN CIRCU- 
LAR ORBITS. I - CORRECTION BY TANGEN- 
TIAL TRANSFER. L. J. Berman. MIT Dept. 
Aeron. & Astron. Rep. (AFOSR TN 59-62) [AD 
209494], Feb. 5, 1959. 10 pp. Study of a meth 
od to correct the error in locating a body in orbit 
at any given time for the case of the transfer orbit 
being tangential to a circle. This situation occurs 
when the thrust impulses are parallel to the line 
of flight. Equations are presented in nondimen- 
sional terms, each quantity being ratioed to the 
corresponding quantity for some standard orbit. 
For two vehicles in the same orbit, the problem 
of one vehicle overtaking the other is analized with 
respect to three parameters: (1) the change in 
epoch to be achieved, (2) the ideal velocity required, 
and (3) the time required. 


POWER PLANTS 


THE CENTRAL PROBLEM OF LARGE SCALE 
POWER GENERATION IN SPACE-WASTE HEAT 
DISPOSAL. P. M. Diamond. LAS Natl. Summer 
Meeting, Los Angeles, June 16-19, 1959, Paper 
59-96. Members, $0.50; nonmembers, $1.00. 23 
pp. 23 refs. Examination of some of the charac- 
teristics of large power systems with special 
emphasis on the weight problem of the unit, Design 
features and requirements are discussed, stress- 
ing the effects of the waste heat radiator and solar 
collector, Meteoroid penetration and techniques 
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of preventing it are considered and its effect on 
weight is examined. The general characteristics 
of power plant systems and their specific weights 
are discussed, and only the nuclear fission turbo- 
generator system and the solar turbo-generator 
system are found to be competitive on a specific 


weight basis. Future developments and an uncon 
ventional approach to radiator design are consid- 
ered, 


DESIGN OF ION ROCKETS AND TEST FACIL- 
ITIES. J. H. Childs. IAS Natl. Summer Meet- 


conditions. In addition, many heat-transfer tests 
were conducted. It is shown that the unique flow 
conditions, characterized by homogeneity, purity, 
high temperature, pressure, and velocity can be 
sustained for many seconds in a wave super- 
heater. 


THERMAL CONDUCTIVITY OF SOLID NITRO. 
GEN AND THE DIRECT CONDENSATION OF NI- 
TROGEN GAS INTO ASOLID. Krishnamurty 
Karamcheti. USCEC Rep. 56-206 (AFOSR TN 
59-183) [AD 211323], Jan. 31, 1959. 13 pp. Calcu 


ing, Los Angeles, June 16-19, 1959, Paper 59-103, 
Members, $0.50; nonmembers, $1.00. 27 pp. 

ll refs. Review of the performance characteris- 
tics of ion rockets in order to assess the level of 
efficiency that might ultimately be attained with 
these engines. The theoretical performance is 
considered for values of specific impulse from 

1, 000 to 25,000 sec. The components of any ion 
rocket are a propellant supply system, an ion 
source, an ion accelerator, and an electron emit- 
ter. These components are discussed in terms 
of high efficiency, small weight, and long operat- 
ing life. The research facilities necessary for 
ion rocket design are described. The theoretical 
considerations in the design of ultra-high vacuum 
condenser tanks are reviewed, and some prelimi- 
nary experimental data on tank performance are 
included. 


THRUST OPTIMIZATION OF A NUCLEAR 
ROCKET OF VARIABLE SPECIFIC IMPULSE. 
C. J. Wang, G. W. Anthony, and H. R. Law- 
rence. (ARS 13th Annual Meeting, New York, Nov. 
17-21, 1958.) ARS J., May, 1959, pp. 341-344. 
Derivation of a simple relation between the spe- 
cific impulse and the flow rate of a propellant 
gas under nuclear reactor operating conditions 
allowing molecular dissociation of the gas. Uti- 
lizing this relationship, the optimum variable 
thrust program maximizing the kinetic energy of 
a vertically ascending vehicle is obtained under 
the assumptions of constant gravity and zero aer- 
odynamic drag. The advantage of the constant 
acceleration program is demonstrated by com- 
parison with the usual constant thrust rocket. 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


STUDIES OF A PROTOTYPE WAVE SUPER- 
HEATER FACILITY FOR HYPERSONIC RE- 
SEARCH. W. E. Smith and R. C. Weatherston. 
Cornell Aero, Lab. Rep. HF-1056-A-1 (AFOSR 
TR 58-158) [AD 207244], Dec., 1958. 115 pp. 

34 refs. Study of the wave superheater, adevice 
to produce continuously a supersonic flow of air 
or other gases at temperatures and pressures 
needed for realistic hypersonic testing in the 
laboratory. The fundamental principles of wave 
superheater design and operation are developed, 
A protype, designed to generate 3, 000°R, in air 
and 5,500°R. in argon, starting from room 
temperature, has been built and tested. Hydrogen 
and helium driver gases and argon and air charge 
gases were used to obtain a variety of operating 
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lation of the condensation rate (mass of nitrogen 
condensed per unit time) per unit area of the sur- 
face by considering the problem as a one-dimen- 
sional unsteady heat conduction through the grow- 
ing layer of the solid condensate. It is seen that 
the condensation rate can be evaluated once the 
density, the specific heat, the latent heat of sub- 
limation, and the thermal conductivity k of solid 
nitrogen are known. All the quantities are known 
except k. An estimate is made using test data 
for the growth with time of the condensate thick- 
ness. Using k, the relations are given for the 
condensate thickness and the condensate rate at 
any time. 


THE ELECTRIC SPARK METHOD FOR QUAN- 
TITATIVE MEASUREMENTS IN FLOWING GASES, 
H. J. Bomelburg, J. Herzog, and J. R. Weske. 
U. Md. Inst. Fluid Dynamics & Appl. Math. TN 
BN-157 (AFOSR TN 59-273) [AD 212707], Jan., 
1959. 28 pp. ll refs. Description of the operat- 
ing principle of the technique and the required 
instrumentation. Characteristics of spark dis- 
charges are analyzed theoretically and experi- 
mentally. A calibration is established for quan- 
titative evaluation of spark photographs. Exam- 
ples of application are given for subsonic, tran- 
sonic, and supersonic flow and for investigations 
of turbomachines. 


HYPERSONIC SHOCK TUNNEL. H. T. Naga- 
matsu, R. E, Geiger, andR. E, Sheer, Jr. ARS J., 
May, 1959, pp. 332-340, 3l refs. USAF-sponsored 
description and presentation of operating character- 
istics of the shock tunnel developed for obtaining 
fluid mechanics information at the high Mach Num 
bers and corresponding stagnation temperatures 
encountered in flight by long range ballistic vehi- 
cles and satellites. The combustion technique 
used in the driver for consistent results is dis- 
cussed in conjunction with the safety precautions 
for the operation. Extremely strong shock waves 
produced in the driven section of the shock tube 
are discussed. Some preliminary results obtain- 
ed in the test section and the flow over blunt bod- 
ies are presented. Shock-wave boundary-layer 
interaction at the leading edge of a flat plate is 
observed and compared with the analytical pre- 
dictions. 


SHOCK-TUBE PERFORMANCE AT LOW INI- 
TIAL PRESSURE, R. E. Duff. Phys. Fluids, 
Mar. -Apr., 1959, pp. 207-216. 15 refs. Investi- 
gation of the behavior of a conventional 11/8-in. inter 
nal diam. shock tube operating at initial pressures of 
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the order of 1 mm. Hg, using an electron beam den- 
sitometer. Experiments were made with Mach 
Numbers ranging from 1.2 to 7.0; they show that 
such a shock tube does not perform as predicted by 
simple theory. For a given shock velocity Mg = 
1.6, the distance betweenthe shock wave andcontact 
surface as observed at the densitometer was pro- 
portional to initial pressure and independent of ex- 
pansion chamber length over a tenfold range of tube 
length. For a given diaphragm pressure ratio the 
shock velocity decreased nonlinearly with distance, 
The density behind the shock wave increased sig- 
nificantly before the arrival of the contact surface. 


ROTATING WING AIRCRAFT, HELICOPTERS 


EXPERIMENTAL DOWNWASH VELOCITY, 
STATIC PRESSURE, AND TEMPERATURE DIS- 
TRIBUTIONS IN GROUND EFFECT FOR A 75- 
FOOT JET DRIVEN ROTOR, Mirko Bolanovich and 
M.D, Marks. AHS J., Apr.,1959, pp. 22-36. Test 
results for high solidity rotors powered by turbine en- 
gines and tip-mounted pressure jets. The downwash 
flow patterns and temperature distributions under 
the rotor disc are discussed in terms of their ef- 
fect on turbine air contamination, stability and 
control near the ground, safety for ground per- 
sonnel, and general aircraft operation. 


ANALYSIS OF THE STABILITY OF A FLEXI- 
BLE ROTOR BLADE AT HIGH ADVANCE RATIO. 
Appendix - INERTIA, AERODYNAMIC, AND CEN- 
TRIFUGAL FORCE DERIVATIVES AND FREQUEN- 
CIES ASSOCIATED WITH THE GENERALIZED 
COORDINATES and C. H. Perisho. AHS 


The basic principles of redundant analysis are 
summarized. Matrix formulation is used for 
the organization of input data and for handling 
data transfer in the large complex of subrou- 
tines, including the formation of equilibrium and 
continuity conditions for the final loads and de- 
flections. Simultaneous treatment of thermal 
expansions and plasticity is included. The use 
of minimum-size redundant systems is empha- 
sized, leading to improved numerical accuracy 
and problem size capacity for a given computer, 


Beams & Columns 


EFFECT OF INTERNAL RADIANT HEAT 
TRANSFER ON TEMPERATURE DISTRIBUTION, 
THERMAL STRESS, AND DEFLECTION IN BOX 
BEAMS. Stanley Goodman, S. B. Russell, and 
Ch. E. Noble. J. Res., Apr., 1959, pp. 175-181. 
ONR-sponsored analysis conducted on thirteen 
modifications of box beams, along with an experi- 
mental check of temperature distribution and 
beam deflection in one case. For maximum beam 
temperatures above 700° to 900°F., change in 
emittance of the interior surfaces ot the beam 
had an appreciable effect on the cover (but not 
the web) temperatures and, to an even greater 
extent, on the beam deflection. At maximum 
beam temperatures of 1, 200°F., an increase in 
interior surface emittance appreciably relieved 
the maximum thermal stress. 


STRESS DISTRIBUTION IN BEAMS OF THIN- 
WALLED SECTIONS IN THE PRESENCE OF 
CREEP. S. A. Patel and K. A. V. Pandalai. 
Polytech. Inst. Bklyn., Dept. Aero. Eng. & 


J., Apr., 1959, pp. 4-18.) 13 refs. Presentation 
of a linearized method of analysis that takes into 
account the following factors: reversed flow, 
pitch-flap coupling, blade bending flexibility, 
blade torsional flexibility, and blade chordwise 
mass balance, The equations of motion, although 
linear, have periedic coefficients, and approxi- 
mate methods of solution have been applied. The 
spatial displacements of the blade have been ob- 
tained in terms of generalized coordinates. Results 
are presented for one blade employing one, two, 
and three degrees of form. The stability limits 
found are in fair agreement with experimental re- 
sults. It is concluded that blade torsional flexibil- 
ity is important in determining the stability of the 
rotor blade at high advance ratio and that use of 
three degrees of freedom will predict the stability 
limits with fair accuracy. 


STRUCTURES 


THE ANALYSIS OF REDUNDANT STRUC- 
TURES BY THE USE OF HIGH-SPEED DIGITAL 
COMPUTERS. W. J. Crichlow and G. W. Hag- 
genmacher. JAS Nati. Summer Meeting, Los 
Angeles, June 16-19, 1959, Paper 59-85. Mem- 
bers, $0.50; nonmembers, $1.00. 23 pp. Dis- 
cussion of some problems in the practical appli- 
cation of redundant analysis procedures to large 
scale complex structures. Special attention is 
given to the equilibrium conditions, the degree 
of redundancy, and the redundant load systems. 
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Appl. Mech., PIBAL Rep. 486 (AFOSR TN 59-174) 
[AD 211314], Feb., 1959. 36 pp. Analysis of the 
stress distribution in beams of thin-walled sections 
in the presence of primary as well as secondary 
creep. The cross sections considered are open 
sections with an axis of symmetry and circular 
sections with and without stringer reinforcements, 
In all these cases, the elastic analog is used to re- 
duce the creep problem to one of nonlinear elas- 
ticity. Shear centers of open sections considered 
are also determined. 


A NOTE ON SHEAR CENTERS OF THIN- 
WALLED CLOSED SECTIONS IN THE PRESENCE 
OF CREEP, K. A. V. Pandalai and S. A. Patel. 
Polytech. Inst. Bklyn., Dept. Aero. Eng. & Appl. 
Mech., PIBAL Rep. 487 (AFOSR TN 59-190) [AD 
211311], Feb., 1959. 22 pp. Study of the shift in 
shear centers of beams subjected to creep, The 
elastic analog reduces the creep problem to 
one of nonlinear elasticity. The examples con- 
sidered are D-section, triangular section, andan 
idealized airfoil section. All the cross sections 
considered are assumed to have one axis of sym- 
metry. The results indicate that in the presence 
of creep the shear center can shift significantly 
from its position corresponding to the linear e- 
lastic theory. 


Cylinders & Shells 


ON THE DETERMINATION OF STRESSES 
AND DISPLACEMENTS FOR UNSYMMETRICAL 
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DEFORMATIONS OF SHALLOW SPHERICAL 
SHELLS, Eric Reissner. J. Math. & Phys., 
Apr., 1959, pp. 16-35. Derivation of explicit 
expressions in terms of stress function and axial 
displacement component for radial and circum- 
ferential displacement components. It is shown 
that certain univalued portions of the solution 
for stress function and axial displacement com- 
ponents give rise to multivalued expressions 
for radial and circumferential displacement com 
ponents. A new solution is derived which is muk- 
tivalued insofar as the stress function is con- 
cerned but gives univalued expressions for all 
quantities which should be univalued. This type 
of solution is needed for the analysis of prob- 
lems for which a resultant side force is acting 
along the edge of a symmetrical circular bound- 
ary of the shell. As a specific application, a 
shell is considered which is supported at its 
outer edge and has a small symmetrical rigid 
insert. 


ANALIZ VESA I PROCHNOSTI ZHESTKO- 
PLASTICHNYKH ORTOTROPNYKH OBOLOCHEK, 
Merab Mikeladze. Arch. Mech. Stosowanej, No.1, 
1959, pp. 17-31. 20 refs. In Russian, with sum- 
maries in English and Polish. Analysis consider- 
ing the problem of uniform strength and minimum 
weight of anisotropic shells. The study is based 
on the concept of a rigid-plastic body, according 
to which the real elastic-plastic shell is replaced 
by an ideal rigid-plastic model. For such a mod 
el, a shell of uniform thickness and minimum 
weight is a shell in which the material flows under 
the given load simultaneously at every point. The 
yield condition is assumed to be in Hill's form. 

A yield hypersurface is constructed with associ- 
ated flow rule for both simple shells and shells 
of perfect multi-layer structures. A system of 
equations is established for the determination of 
the optimum law of variability of shell thickness 
and the unknown internal forces and moments. 

It is shown that the problem of determining the 
optimum thickness of the load carrying layers 
of a sandwich plate supported on the contour 
reduces to the solution of an equation of the.el- 
liptical type which may be reduced by means of 
an affined transformation to Poisson's equation. 


THE ANALYSIS OF FUSELAGES OF ARBI- 
TRARY CROSS-SECTION AND TAPER. Hi. 
J. H. Argyris and S. Kelsey. Aircraft Eng., 
May, 1959, pp. 133-143. Study of: the flexibility 
matrices for the unassembled structural elements 
and development of a more concise form appro- 
priate to the fuselage structure. A general meth 
od is: given for obtaining self-equilibrating flange 
load and shear flow systems in a single-cell 
fuselage. 


ANALIZA STATECZNOSCI CIENKOSCIENNEJ 
POWLOKI WALCOWEJ PQDDANEJ ROZCIAGANIU 
W STANIE PLASTYCZNYM, Zdzistaw Marciniak.. 
Rozprawy Inzynierskie, No. 4, 1958, pp. 527-535. 
In.Polish,, with summaries in English and Russian. 
Analysis of the possibility of local neck or buckling 


appearing during plastic deformation of a thin-wall 


(uu) 


ed cylindrical shell subjected to the action of axial 
force and internal pressure. The form of stability 
loss depends on the phenomenon of strain harden- 
ing during the deformation process. A method is 
presented for determining the value of plastic 
strain for which stability loss occurs, using the 
strain-hardening curve. Diagrams illustrating 
the possibility of stability loss during the tension 
of mild steel shells are given. 


Elasticity & Plasticity 


AN ITERATION METHOD FOR THE SOLUTION 
OF FINITE DEFORMATION PROBLEMS IN ELAS- 
TICITY. W. R. Seugling. Arch. Mech. Stosowa- 
nej, No. 1, 1959, pp. 3-15. 12 refs. Presentation 
of an iteration method which reduces the solution of 
certain categories of nonlinear isotropic boundary- 
value problems to the solution of a sequence of 
linear problems. It is shown that if at a certain 
time t the deformation is given to some degree of 
approximation, then the field equations of nonlin- 
ear elasticity enable the state of stress to be 
found together with the body forces Fj and bound 
ary forces Sj, necessary to maintain this state of 
stress. The forces Fj and S; are not, in general, 
the desired body and surface forces; therefore, 
the force rates Fj and Sj are introduced. The 
partial differential equations governing these ve- 
locities are linear and, when solved, improve the 
original estimate of the character of deformation. 
Application is made to the torsion problem for 
cylindrical bars. 


A MODIFICATION OF PRAGER'S HARDENING 
RULE. Hans Ziegler. Quart. Appl. Math., Apr., 
1959, pp. 55-65. ll refs. Formulation of a new 
hardening rule considering the invariance that oc- 
curs with respect to reductions in dimensions pos- 
sible in most applications. Comparison is made 
with Prager's rule for several cases of plainstress 


and strain. It is concluded that the rule is inferior 


to Prager's rule from the physical point of view, 
but is easier to handle in certain classes of appli- 
cations. 


Plates 


DIE EINGESPANNTE, AN DEN RANDERN 
VERSTEIFTE, DUNNE RECHTECKPLATTE 
MIT GLEICHMASSIG VERTEILTER BELASTUNG, 
O. Volkersen. DVL Bericht No. 86, Mar.,1959. 
60 pp. Westdeutscher Verlag, K3ln & Opladen. 
In German. Investigation covering the problem 
of fixed thin rectangular plates, clamped at the 
edges and having a uniform load distribution, 
engountered in wing and pressure-cabin studies. 
It is shown that the simple bending theory is not 
sufficient for the calculation of thin plates whose 
deflection equals their thickness. For the case 
of plates clamped on all sides and reinforced 
along the clamped edges the significance of bend- 
ing stresses, even in the presence of strong 
bending, is emphasized. 


Plates with Holes: 


ELASTIC DEFORMATIONS IN STRIPS WITH 
HOLES LOADED THROUGH PINS, Michael Chi 
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and L. K. Irwin. J. Res., Apr., 1959, pp.147- 
151. 10 refs. Extensions of Bickley's solution 
for the generalized plane stress in a plate loaded 
through a pin to give the deformation at any point 
in a plate loaded through one or two pins which 
are on the same load line. Analytical expressions 
are derived that are known to apply to a finite 
strip with a width 2 14a (a = hole radius) and dis- 
tance between holes 2 8a. Numerical examples 
are developed and presented in the form of graphs 
for typical cases. 


Thermal Stress 


THERMAL STRESSES DUE TO THE ACTION 
OF HEAT SOURCES IN A VISCOELASTIC SPACE, 
Witold Nowacki. Arch. Mech. Stosowanej, No.1, 
1959, pp. 111-125. Analysis considering the prob- 
lem as quasi-static, the inertia terms in the e- 
quations of equilibrium being rejected. The cor- 
respondence principle introduced by Sternberg is 
used, thus enabling the use of solutions for the 
analogous problem of a perfectly elastic body 
subjected to the action of a temperature field. 
Two ways of solving the problem are described: 
first, by means of the potential of thermoelastic 
displacement; second, by the method of Mayzel 
as generalized to viscoelastic problems. Solu- 
tions are presented for three models of a visco- 
elastic body with (a) a concentrated heat source, 
(b) an instantaneous linear heat source, and (c) 
an instantaneous plane heat source. 


NEW THERMOMECHANICAL RECIPROCITY 
RELATIONS WITH APPLICATION TO THERMAL 
STRESS ANALYSIS. M,. A. Biot. (Cornell Aera 
Lab. Rep. SA-987-S-7, June, 1958.) J. Aero/ 
Space Sci., July, 1959, pp. 401-408. Application 
of a variational formulation developed previously 
for linear thermodynamics to the derivation of 
thermomechanical reciprocity relations, applica 
ble to stationary and transient temperatures in 
elastic and viscoelastic structures. The stresses 
at one point are expressed directly in terms of 
any arbitrary distribution temperatures applied 
externally, including the effect of surface heat- 
transfer layer. The relation is pointed out be- 
tween the reciprocity property and the generali- 
zation of Castigliano's principle to thermomechan- 
ics. 


THERMODYNAMICS 


POWERPLANT HEAT CYCLES FOR SPACE 
VEHICLES, D. B. Mackay. IAS Natl. Summer 
Meeting, Los Angeles, June 16-19, 1959, Paper 
59-104. Members, $0.50; nonmembers, $1.00. 
35 pp. Analysis of several heat cycles for com- 
paring radiator areas. Operations of the Rankine 
vapor cycle in both the wet and superheat regions 
were studied and it was found to be superior to the 
other cycles considered. The Brayton cycle is 
shown to require considerably more radiator area 
per unit of power output. In the derivation of 
suitable equations for optimizing the radiator area, 
important mathematical parameters were isolated 
and defined, and used to evaluate the performance 
of liquids in a Rankine cycle. A comparison be- 
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tween power cycles using mercury and rubidium 


was made. Both are shown to possess desirable 
properties, with rubidium being best suited for 
high temperature and mercury for low tempera- 
ture. 


THERMODYNAMIC PROPERTIES OF IONIZED 
GASES. S. W. Benson, J. H. Buss, and Howard 
Myers. IAS Natl. Summer Meeting, Los Angeles, 
June 16-19, 1959, Paper 59-95. Members, $0.50; 
nonmembers, $1.00. 7 pp. 10 refs. Determina- 
tion of the thermodynamic properties of an ionized 
gas, taking the presence of ions and electrons into 
consideration. The presence of charged particles 
gives rise to long-range electrostatic interactions 
causing deviations from thermodynamic ideality. 
A theory is given for the calculation of the effect 
of these interactions on the thermodynamic func- 
tions. Results are compared to those of Fuchs 
and contrasted with the ideal gas calculations of 
Bethe, Teller, and Gilmore. 


Heat Transfer 


AN EXPERIMENTAL STUDY OF THE EFFECTS 
OF NON-UNIFORM WALL TEMPERATURE ON 
HEAT TRANSFER IN LAMINAR AND TURBULENT 
AXISYMMETRIC FLOW ALONG A CYLINDER. 

R. Eichhorn, E. R, G. Eckert, and A. D. Ander- 
son. USAF WADC TR 58-33 [AD 207906], July, 
1958. 63 pp. 17 refs. Description of measure- 
ments of the hydrodynamic and thermal character- 
istics of flow over an axial cylinder at subsonic 
speeds. It is shown that the boundary layer along 
an axial cylinder tends to become asymmetrical 
as it approaches the transition point, the asymme- 
try vanishing again in turbulent flow. For both 
laminar and turbulent flow, the average boundary- 
layer growth is predicted by the flat plate rela- 
tionships, and simple methods are deduced for 
determining the effective hydrodynamic length 

of the boundary layers. Local and total heat 
transfer measurements are made with both types 
of flow for various unheated starting lengths 
followed by linearly increasing wall temperatures, 
For laminar flow agreement with theory is ob- 
tained, this agreement being improved by the 
Seban and Bond cylindrical curvature correction, 


VTOL & STOL 


LIFTING SYSTEMS FOR VTOL VEHICLES, 
Scott Rethorst and W. W. Royce. IAS Natl. 
Summer Meeting, Los Angeles, June 16-19, 1959, 
Paper 59-123. Members, $0.50; nonmembers, 
$1.00. 31 pp. ONR-sponsored analysis of various 
systems including the fixed wing, ducted and un- 
ducted actuator discs, annular jets, and pressure 
leakage devices. The force generation of each of 
these devices is derived from fundamentals. A 
simple theory for the annular jet is formulated 
and developed to demonstrate its primary features 
so as to permit comparison with the other ar- 
rangements. Efficiency and force effectiveness, at 
both zero and forward velocities, are then calcu- 
lated to provide a uniform basis for comparative 
evaluation of several lifting systems. Correlated 
results are presented together on single charts 
so that direct comparisons can be made. 
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BY COLVIN 


NEW MINIATURE 
PRESSURE 
TRANSDUCER 


* Only One inch square 
— one inch long 


= Withstands high 
vibration 
35 G to 5000 CPS 


AVAILABLE IMMEDIATELY 


COLVIN 
LABORATORIES, INC. 
364 Glenwood Avenue. East Orange. N. J. 


161004)|, July, 1958. 92 pp. 474 refs. Survey 
of published material on trajectories of unguided 
rockets. 

Aircraft for Long-Range Hypersonic Flight. 
A. J. Eggers. The Aeroplane, Apr. 17, 1959, pp. 
483, 484. Abridged. Study of methods for in- 
creasing lift-drag ratio at speeds up to 18,000 
ft./sec. with particular regard to the arrangement 
of aircraft components. 

Blue Streak as a Space Vehicle. The Aero- 
plane, Mar. 27, 1959, pp. 384, 385. Discussion of 
Blue Streak’s potentialities as a missile and a sat- 
ellite launcher. 

The Philosophy of Guided Weapon Design and 
Fairey Rev., Mar., 1959, pp. 12- 


Design of a 2,500-Mile Missile. The Aero- 
plane, Apr. 10, 1959, pp. 434, 435. Abridged. 
Discussion covering basic design, trajectory, and 
re-entry problems. 

A Five-Stage Solid-Fuel Sounding-Rocket 
System. A. G. Swanson. U.S., NASA Memo. 
3-6-59L, Mar., 1959. 22 pp. Description of a 
rocket system capable of boosting a payload of 25 
Ibs. to an altitude of 525 nautical miles and that 
of 100 Ibs. to 300 nautical miles. 

Bloodhound Capability; A European Weapon of 
Universal Application. Bristol Quart., Winter, 
1958-1959, pp. 3-6. Survey of the Bloodhound 
attributes and of the operational requirements. 

_Considerations on Inertial Guidance for Mis- 
siles. F.K. Mueller. Navigation, Winter, 1959, 
pp. 240-251. Discussion of general problems of 
inertial guidance systems and of various types of 
components that are used or may be applied in 
complete systems. 

, The Effects of Target and Missile Characteris- 
tics on Theoretical Minimum Miss Distance for a 
Beam-Rider Guidance System in the Presence of 
Noise. E. C. Stewart, Frank Druding, and Togo 
Nishiura. U.S., NASA Memo. 2-12-59A, Mar., 
1959. 32 pp. 10 refs. Study showing that the 
three most important parameters that affect mini- 
Mum miss distance are target acceleration, glint 
noise, and missile acceleration capability. Results 
are given in the form of a simple correlation equa- 
tion expressing minimum miss distance; applica- 
tions of this equation and a numerical example 
are presented. 

Miss Distance Indicator Scores Missile Accu- 
Tacy. J. A. Adams. Electronics, Apr. 17, 1959, 
pp. 42-45. Description of the operation of a mis- 
sile distance indicator using nonradar techniques 
to measure the separation between missile and tar- 
get within a 10 to 3,990 ft. range. 

Minor Circle Flight for Boost Glide Vehicles. 
W.H.T. Loh. ARS J., Apr., 1959, pp. 300, 301. 


Derivation of an equation for the range of a hy- 
personic glider flying along a minor circle path. 

The Explorers. Wernher von Braun. (9th 
Internatl. Astron. Congr., Amsterdam, Aug. 25-30, 
1958.) Astronautica Acta, Fasc. 2, 1959, pp. 

2 Survey of earth satellites of the Ex- 
plorer series and their launching vehicles. The 
scientific objectives, instrumentation and data 
collection, and the firing operations proper are 
discussed. 

Artificial Satellites and the Theory of Relativ- 
ity. V.L. Ginzburg. Sci. Am., May, 1959, pp. 
149-154, 156, 158, 160. Discussion of the appli- 
cation of satellites to obtain precise measure- 
ments of the gravitational frequency shift and 
the shift in the perihelion of planets in order to 
verify the theory of relativity. 

Circular Orbit Stability in the Oblate Earth’s 
Equatorial Plane. M. H. Hewitt. ARS 
Apr., 1959, pp. 295, 296. 

Tracking Earth’s Weather with Cloud-Cover 
Satellites. R.Hanel, R. A. Stampfl, J. Cressey, 
J. Licht, and E. Rich, Jr. Electronics, May 1, 
1959, pp. 44-49. Design and operation of the 
satellite transmitting television-type pictures to 
ground stations to track major storms. 

Miniature Movies of the Planets. S C. Baker 
and J. M. Kelso. Astronautics, May, 1959, pp. 
26-28, 104, 106. Discussion of the limitations 
and disadvantages of scanning systems. An im- 
age system is outlined and its optical and elec- 
tronic elements briefly described. 

Score—First Communications Satellite. M. I. 
Davis and G. N. Krassner. Astronautics, May, 
1959, pp. 37-39, 88, 91,92, 94, 95. Discussion of 
design problems and operation of the Atlas-Score 
earth satellite. A system analysis of data record- 
ing and transmission is made. 

Communications Satellites: A Largely Neg- 
lected Force for Peace. Hal Gettings. Mis- 
siles & Rockets, May 11, 1959, pp. 38-41. Pres- 
entation of a satellite communication concept in- 
cluding communication subsystems, satellite po- 
sition, and power systems. Life, reliability, and 
economic considerations of such a system are also 
analyzed. 

Experimental Observation of Space Vehicles. 
R. Y. Miner. Navigation, Winter, 1959, pp. 252- 
263. Discussion of tools and procedures used for 
satellite observation. Visual observation and 
measurement requirements are considered. 

Joy-Stick Control Aids Telescope Tracking. 
R. L. Schaum and D Savage. Electronics, 
Apr. 24, 1959, pp. 87-89. Description of a track- 
ing telescope emphasizing the servo control stick. 

The Radar Appearance of a Rotating Corner 
Reflector. R.J. Davis. Astronautica Acta, Fasc. 


” 


1, 1959, pp. 1-14. Calculation of the radar cross 
section for several possible axes of rotation as 
seen from several aspect angles of a spherical 
satellite with an internal corner reflector. 

Azusa Predicts Ballistic Missile Impact Points. 
S. L. Ackerman and R. C. Weaver. Space/ 
Aeronautics, May, 1959, pp. 134-137. Analysis 
of the requirements for an impact-predicting 
tracking system for ballistic missile tests and de- 
scription of the Convair Azusa tracker-computer- 
display system used at Cape Canaveral. 


Techniques of Analysing Terrestrial Radio and 
Optical Observations of Earth Satellites. R. H. 
Merson. (9th Internatl. Astron. Congr., Amster- 
dam, Aug. 25-30, 1958.) Astronautica Acta, 
Fase. 1, 1959, pp. 26--39. Description of the 
main features of radio interferometer and kinethe- 
odolite observations of satellite orbits made by 
the staff of the RAE. 


Navigation 


The ABC’s of Inertial Navigation. Emanuel 
Levinson. Sperry Eng. Rev., Mar., 1959, pp. 
2-9. Description of the fundamental principles 
of inertial navigation and explanation of the op- 
eration of basic components. 


Inertial Guidance. R. W. Ittelson. Sperry- 
Scope, [st Quart., 1959, pp 12-17. Description 
of the basic principles and operation of inertial 
guidance systems. 


Electronic Aids 


Doppler Radar Navigation. F. B. Berger. 
Electronics, May 8, 1959, pp. 62,63. Summary of 
the major characteristics of Doppler navigation 
systems now in production in the U.S.A. 

Transistor Dual Conversion for Marker-Beacon 
Receivers. R. G. Erdmann. Electronics, May 
8, 1959, pp. 59-61. Conversion of the one-indi- 
cator-light receiver with transistorized adapter 
to a three-indicator-light marker beacon receiver 
weighing less than two pounds and drawing less 
than two watts. 

A New Method of Generating a Rotating Radia- 
tion Polar Diagram; With Particular Reference to 
a Certain Navigational System. H. W. Hawkes. 
(IEE Paper 2776 E.) IEE Proc., Pt. B, Mar., 
1959, pp. 158-169. Description of the method, 
allowing to operate in the 100 mc./sec. region, 
with reference to its application in a new and more 
accurate form of VOR system known as VORAC. 
The improvement of the vertical elevational per- 
formance of a conventional VOR system through 
this method is also described. 
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Traffic Control 


ATC Data Processing Central. J. J. Moraski. 
J. Air Traffic Control, Apr., 1959, pp. 1-14, 33-35 
Description of a semiautomatic data processing 
and display system now under development. 

Air Traffic Control Over the North Atlantic. 
E. W. Pike. RAeS J., Apr., 1959, pp. 206-214; 
Discussion, pp. 214-220. Description of the 
current situation, and discussion of various prob- 
lems and improvements needed for an adequate 
and reliable communication system. 

Human Element. Shell Av. News, Feb., 1959, 
pp. 8-11. Discussion of the duties and problems 
of the air traffic control operator. 


Nuclear Energy 


Nuclear Rockets. J. J. Newgard and Myron 
Levoy. Sci. Am., May, 1959, pp. 46-51. De- 
scription of three types of nuclear rockets: (1) 
a solid-core cree reactor to heat hydrogen gas 
asa working fluid; (2) a gas phase nuclear reactor 
using uranium hexafluoride; and (3) ion propul- 
sion in which a nuclear reactor drives a gas turbo- 
generator, the current then being used to vaporize 
liquid cesium, ionize it, and eject the ions. The 
problems in the design and operation of each are 
discussed. 

Taming Tomorrow’s Power Sources. A. R. 
sardner. Prod. Eng., May 4, 1959, pp. 28-31. 
Discussion of the possibilities and development of 
such energy sources as nuclear and solar power, 
ions, photons, and free radicals, and of their con- 
version. 

Transformations of Solutions of Diffusion 
Equations in Two-Medium Geometries. Ap- 
pendix I—Solutions of Diffusion Equation. Ap- 
pendix I1—Comparison of the Exact Disk Source 
Solution with Approximation No. 2. Visvaldis 
Mangulis.5 USAF WADC TR _ 58-112 [AD 
155771), Aug., 1958. 22 pp. Presentation of 
some equations applicable to nuclear shielding 
problems. 


Photography 


Cameras in Evidence: Britain’s 
Equipment for Service and Survey Use. 
Yoxall. Flight, Apr. 24, 1959, pp. 576-578. 


Target Aircraft Camera. Fairey Rev., Mar., 
1959, p. 11. Description of the design, operation, 
and application of the camera having a field of 
view of 186 degrees. 


4/2.9 Streak Camera. F. L. Brauer and D. F. 
Hansen. OSA J., May, 1959, pp. 421-424. De- 
sign and performance characteristics of a streak 
camera with time resolution approaching that of 
the fastest modern streak cameras, but with a 
considerably improved f/number. 


Newest 
John 


Physics 


Progress Report No. XXIV. MIT LIR PR 24, 
Jan., 1959. 62 pp. 15 refs. Survey of the lit- 
erature on dielectric spectroscopy, magnetic reso- 
nance, high field-strength research, high-pressure 
research, semiconductors, ferromagnetics, ceram- 
ics, and single crystals. 


On the Transition from Superconducting to 
Normal Phase, Accounting for Latent Heat and 
Eddy Currents. A. J. W. Duijvestijn. JBM J. 
Res. & Devel., Apr., 1959, pp. 132-140. 


Electrical and Thermal Resistivity of the 
Transition Elements at Low Temperatures. G. 
K. White and S. B. Woods. Royal Soc. (London) 
ews Trans., Ser. A, Mar. 12, 1959. 30 pp. 
93 refs. 


Studies of in Nuclear 
Emulsions. M. arter, 
and A. (Fla.) Rep. 
(AFOSR TN 59-229) [AD 211842}, Bet 4, 1959. 
31 pp. 

Shape of the High-Energy End of the Electron- 
Bremsstrahlung Spectrum. E. G. Fuller, E. 
Hayward, and H. W. Koch. (Phys. Rev., Feb. 1, 
1958, pp. 630-635.) U.S., NBS Final Rep. 6255 
(AFOSR TR 58-162) [AD 207250), Jan. 1, 1959. 
6 pp. 18refs. Reprint. 


Elastic Scattering of Photons. E. G. Fuller 
and Evans Hayward. U.S., NBS Final ave 
6255 (AFOSR TR 58-162) [AD 207250), Jan. 
1959. 22 pp. 


Scattering of Photons by 

G. Fuller and Evans Hayward. U.S., NBS 
Final Rep. 6255 (AFOSR TR 58- 162) {AD 
207250), Jan. 1, 1959. pp. 


Photon Self-Absorption and Scattering by the 
15.1-Mev Level in C'*. Evans Hayward and E. 
(Phys. Rev., June 1, 1957, pp. 991- 
S., NBS Final Rep. 6255 (AFOSR TR 
58- 162) lab 207250), June 1, 1959. 5pp. 18 
tefs. Reprint. 


Photon Scattering and Self Absorption in Lead 
and Bismuth at 7 Mev. E.G. Fuller and Evans 
a ee (Conf. on Nuclear Phys., Paris, 1958.) 
U.S., NBS Final Rep. 6255 (AFOSR TR 58- 
162) TAD 207250), Jan. 1, 1959. 4 pp. 


Nuclear Elastic Scattering of Photons. E. G. 
Fuller and Evans Hayw mas (Phys. Rev., Jan. 15, 
1956, pp. 692-700.) , NBS Final Rep. 6255 
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AFOSR TR 58-162) [AD 207250), Jan. 1, 
9pp. 23 refs. Reprint. 

Effect of Adsorbed Nitrogen on the Thermionic 
Emission from Lanthanum Hexaboride. A. F. 
Carter and G. P. Wood. U.S., NASA Memo. 
2-16-59L, Mar., 1959. 12 pp 10 refs. 

Infrared Spectral Emissivities and Internal 
Energy Distribution of Carbon Dioxide at High 
Temperatures. I—Internal Energy 
R. H. Tourin and P. M. Henry. USAF CRC 
TN 59-262 [AD 212969), Dec., 1958. 57 pp. 
22 refs. 

Reflection of Point Source Radiation from a 
Lambert Plane Onto a Plane Receiver. Ap- 
pendix I—Derivation of Radiation Flux Reflected 
Onto Receiver Parallel to Lambert Plane. Ap- 
pendix Il—Derivation of Radiation Flux Re- 
flected Onto Receiver Tilted Relative to Lambert 
Plane. A. W. Guess. (AF Surveys in Geophys- 
ics, No. 90) USAF CRC TR 57-243 [AD 133821}, 
July, 1957. 68 pp. Analysis of the diffuse re- 
flection of point source radiation from a circular, 
horizontal Lambert plane onto a smooth flat re- 
ceiver positioned in space above the plane. 


Recent Advances » Cryogenic Engineering. 
R. B. Jacobs. ARS Apr., 1959, pp. 245-251. 
56 refs. Review of ie literature on properties of 
materials, insulation techniques, flow considera- 
tions, pumping equipment, and instrumentation. 


Energy of Aqueous Wetting of Bulk Surfaces. 
P. E. Berghausen, R. J. Good, H. H. G. Jellinek, 
Walter Soller, V. A. Suprynowicz, Richard Close, 
Joseph Laukonis, Eugene Lynn, John McAn- 
drews, and HaroldSlone. US AF WADC TR 58- 
385 {AD 207527), Nov., 1958. 51 pp. 18 refs. 
Expe riment: al investigation of the heat of immer- 
sion of aluminum foil and measurement of the 
aqueous heats of wetting of several polymers. 

The Derivation of Stress-Deformation Rela- 
tions for a Stokesian Fluid. James Serrin. UL’. 
Minn. Inst. Tech. Rep.(AFOSR TN 58-1085) [AD 
207582), Jan. 20,1959. 16 pp. Illrefs. Analy- 
sis of the constitutive equation for the case where 
the stress tensor is a function of the deformation 
tensor (Stokesian fluid), 

On the Foundations of Linear Isotropic Visco- 
Elasticity. D. R. Bland. Royal Soc. (London) 
Proc., Ser. A, Apr. 7, 1959, pp. 524-549. Study 
of the properties of a linear viscoelastic material 
from the hypothesis that the microscopic struc- 
ture of such a material is mechanically equivalent 
to a network of elastic and viscous elements. 


Methods of Determining Surface Roughness. 
M. K. Testerman. USAF WADC TR 58-230 
{AD 155828], June, 1958. 42 pp. 19 refs. 
Experimental investigation of some methods for 
determining the microscopic surface roughness of 
continuous surfaces. The feasibility of the ca- 
pacitance and polarization capacitance type meth- 
ods is stressed. 

Glass, A Disturbing Factor in Physical Elec- 
tronics Measurements. D. G. Bills and A. A. 
Evett. J. Appl. Phys., Apr., 1959, pp. 564-567. 
17 refs USAF-supported research, 


Astrophysics 


The Extent of the Lunar Atmosphere. Geof- 
frey Turner. Spaceflight, Apr., 1959, pp. 57, 58. 
Description of the lunar atmosphere making use 
of the kinetic theory of gases. 


Time Dilation in Space Travel. K.R. Stehling. 
Space/ Aeronautics, May, 1959, pp. 43-45. Re- 
view of problems raised by time dilation effects, 
as postulated by the theory of relativity, on inter- 
stellar flight at extremely high speeds. Recent 
scientific arguments for and against reality of time 
dilation are discussed. Einstein’s derivation of 
time dilation and ‘‘rod shrinkage”’ 
theorems is explained. 


Rocket Astronomy During a gg Eclipse of 
the Sun. H. Friedman. Res. Mar., 1959, 
pp. 1-8. Discussion of the sudenioes of the ex- 
pedition and the applications of the Nike-ASP 
rocket combination to the recording of data. 


Some Radio Telescopes. I. Sky & Telescope, 
Apr., 1959, pp. 302-305. Brief description of 
the telescopes of Owens Valley and Palo Alto, 
Cal.; Boulder, Col.; Havana, IIl.; and Westford, 


1959. 


from Lorentz’ 


Mass. 
Some Radio Telescopes. II. Sky & Telescope, 
May, 1959, pp. 370-374. Brief descriptions of 


telescopes located in Delaware, Ohio; Dwingeloo, 
Netherlands; Eschweiler, West Germany; Gaines- 
ville, Fla.; Mitaka, Japan; and the Soviet Union. 


Geophysics 


Radiation Belts Around the Earth. J. A. Van 
Allen. Sci. Am., Mar., 1959, pp. 39-47. De- 
scription of the radiation belt from data obtained 
by the Explorer IV satellite and the Pioneer III 
lunar probe. 


Artificial Modification of the Earth’s Radiation 
Belt. Fred Singer. (Joint AAS Sth Annual & 
AAAS 125th Meeting, Wash., Dec. 27-31, 1958.) 
AAS Preprint 58-43 (AFOSR TN 58-952) {AD 
205345),1958. 30 pp. 30refs. Discussion of a 
modification of the radiation belt by artificial in- 
jection of particles. Such a method may become 
a valuable tool for investigations of upper-at- 
mosphere densities and of the trapping properties 
of the earth's magnetic field. 


Spherical Gravitational Waves. Appendix I— 
The _ Retarded-Potential Solution. Appendix 
Ii—The Field Equations. Appendix III— 
Solutions of the Approximate Field Equations. 

7. B. Bonnor. Royal Soc. (London) Philos 
Trans., Ser. A, Mar. 12, 1959. 39 pp. 15 refs 
Analysis of the field of gravitational radiation 
emitted from two moving particles by means of 
general relativity. 

Solution of the Hund Gravitational Equations 
LI. G. Chambers. Can. J. Phys., Apr., 1959, pp. 

‘ y Presentation of solutions for the Max- 
well type gravitational field equations developed 
by Hund. 


The Ionospheric Faraday Effect and Its Appli- 
cations. F. B. Daniels and S. J. Bauer. Frank- 
lin Inst. J., Mar., 1959, pp. 187-200. Theoreti- 
cal analysis of the Faraday effect and discussion 
of measurements of ionospheric characteristics by 
means of lunar radio reflections and radio trans- 
ipa from artificial satellites utilizing this ef- 
ect 


Nuclear Explosions in Space. III. S. F. 
Singer. Missiles & Rockets, Apr. 13, 1959, pp. 
21-24, 41. Discussion of the effect of ‘nuclear ex- 
plosion upon radar and long-range communica- 
tions including ICBM detection, 


Nuclear Explosions in Space. IV. S. F. 
Singer. Missiles & Rockets, Apr. 20, 1959, pp. 
26, 28-30. Discussion of techniques for detecting 


trapped radiation particles. Detection difficult- 
ies of high-altitude bursts and the earth’s radia- 
tion belts are considered. 


Optics 


The Optics of the Mach-Zehnder Interferome- 
ter. Appendix I—Relation Between Fringe Con- 
trast, Size of Source and Fringe Spacing in the 
Source Plane. Appendix II—Relation Between 
Fringe Contrast and the Spectral Band Width of 
the Source, with no Dispersion. Appendix II1I— 


The Twyman-Green Interferometer. L. H. 
Tanner. Gt. Brit., ARC R&M 3069 (Oct., 1956) 
1959. 62 pp. 15 refs. BIS, New York, $4.05. 


Power Plants 


Jet & Turbine 


The Experimental Comparison of Reduction in 
Damage Rates per Unit Time for Jet Engines. 
H. Klein. Douglas Rep. SM-23419, Jan., 1959. 
19 pp. Study of the problem of experimentally 
determining the average number of engine dam- 
— per unit time by observations of small sam- 
ples. 


Investigation of a 4.5-Inch-Mean-Diameter 
Two-Stage Axial-Flow Turbine Suitable for 
Auxiliary Power oe R. Y. Wong and D. E. 
Monroe. U.S., NASA Memo. 4-6-59E, Mar., 
1959. 26 pp. Investigation of the effect of size 
on overall turbine performance. A comparison 
with theoretical efficiencies, based on a loss coeffi- 
cient and velocity diagrams, is made, and the 
effect of Reynolds Number on efficiency is shown 


Design and Applications of — 4 Turbine 
Engines. M. A. Zipkin and . E. Neitzel. 
(CAI-IAS Joint Meeting, Ottawa, om 7, 8, 1958, 
Preprint 859.) Can. Aero. J., Apr., 1959, pp. 


Investigation of Heat Transfer, Flow, and Heat 
Exchangers as Related to Turbine Cooling. H. 
H. Ellerbrock, Jr., and J. N.B. Livingood. ASME 
Trans., Ser. C - HT, Feb., 1959, pp. 79-85. 153 
refs. Revi iew of research on turbine cooling in- 
cluding general cooling studies, air and liquid 
transfer studies, flow field studies, and heat-ex- 
changer investigations. 


Turbomachine Dynamics. Appendix I—Dy- 
namics of Whirl of a Single Disc. Appendix II— 
Positive Synchronous Whirl of Single Overhung 
Wheel and Shaft System with Nonlinear Bearing 
Flexibilities. Appendix I1I—Ball Bearing Load- 
Deflection Curves. Appendix IV—lInfluence 
Coefficients for Various Wheel and Shaft Con- 
figurations. Appendix V—Classical Single Wheel 
Analysis and Matrix Method for Two-Wheel 
System. Kuo Tsun Chang. USAF WADCTR 
57-611 [AD 151087], Apr., 1958. 131 pp. 
Study of the particular difficulties associated with 
the analysis of vibration failures of small, high- 
speed turbomachines. 


Reciprocating 

The Hydrogen Engine: Combustion Knock and 
the Related Flame Velocity. R. O. King, S. V. 
Hayes, A. B. Allan, R. W. P. Anderson, and E. J. 
Walker. Eng. Inst. Canada Trans., Dec., 1958, 
pp. 143-148. 13 refs. Investigation using a 
CFR Otto cycle engine modified to prevent the 
accumulation of lubricating oil in the combustion 
space. There was none of the backfiring or pre- 
ignition that had occurred in earlier experiments 
where lubricating oil had accumulated in the 
combustion space, but combustion knock was 
not eliminated. 


Rocket 


Rocket Research in Canada. R. F. Wilkinson, 
(CAI-IAS Joint Meeting, Ottawa, Oct. 7, 8, 1958. 
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GpL research gyro known to science —the nucleus of the 


MANUFACTURING 


GPL research is now studying for the U.S. air Force 
the feasibility of harnessing the most efficient 


atom. Development of such a gyro—tremendously 
accurate, perfectly balanced, friction and 


Nuclear Gyros maintenance free—will revolutionize space 


reference, navigation and guidance techniques. 


The nuclear gyro is just one of many programs 
now underway at GPL research. Others include: 


Soft landings on the moon « Passive position 

fix taking « Maser amplifiers * Pulsed radar seekers 
e Electrically scanning radar antennas * Space 
velocity measuring systems «‘‘Multi-Mode”’ 
airborne systems « Obstacle and terrain 

clearance radars Advanced digital and data 
handling techniques 


These, plus continuing research in radar, 
computer and data handling theory, reflect a 
part of the breadth of GPL’s enlightened 
investment in the future. 


Write for further information. 


GPL Avionic Division/airborne navigators/missile guidance/ 
radar/airborne computers/data handling systems/ 
communications equipment/infra-red/closed circuit TV. 


up some unusual research and development opportunities. Send resume to Personnel Director. 


A 
GENERAL 
PRECISION 


COMPANY 


ENVIRONMENTAL TESTING CUSTOMER SERVICE 


GENERAL PRECISION LABORATORY INCORPORATED, Pleasantville, Y. 


A Subsidiary of General Precision Equi t Corp | > 


| 
q 
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Interested in 
STABILITY 
DERIVATIVES? 


eee the NEW DM-7 
DAMPOMETER 


now including numerous 
new features for added 
convenience and accuracy: 


Automatic zero reset 
¢ Higher sensitivity 
@ Built in calibration oscillator 


¢ Regulated beam current for 
improved stability 


¢ In-line read-out optional 


The only instrument espe- 
cially built for mass produc- 
ing damping data 


For more information and quota- 
tions please contact: 


OLTRONIX. 


235 Underwood Drive 
Atlanta 5, Georgia 
Phone: Blackburn 5-2576 


INC. 


European office: . 
122 Angermannagatan 
Vallingby, Sweden 
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Can. 


Held 847.) Aero. J., Apr., 1959, pp. 


38-142 

Residual Fuel Expulsion from a Simulated 
50,000-Pound-Thrust Liquid-Propellant Rocket 
Engine Having a Continuous Rocket-Type Igniter. 
W. E. Messing. U.S., NASA Memo. 2-1-59H, 
Feb., 1959. 10 pp. Investigation to determine 
if an igniter firing into a thrust chamber contain- 
ing a puddle of fuel would expel the residual fuel 
effectively and without serious detonation 

Rocket Motorsfromthe Core. J.C. Chapman. 
Thiokol Astronaut, No. 1, 1959, pp. 3-7. Discus- 
sion of the core’s effect on solid- sect motor per- 
formance and of factors influencing its design and 
fabrication. 


The Future for Solid Propellant Rockets. K. 
W. Pearce. RAeS J., Apr., 1959, pp. 221-226. 
21 refs. Discussion showing how the perform- 
ance of solid propellant rockets has improved 
during the past decade and how controlled thrust 
can be provided to meet any missile requirement. 


External Wire Fins for Compact Missile Heat 
Exchangers. Space/ Aeronautics, May, 1959, pp. 
77, 78, 80, 82. Discussion of new types of ex- 
tended-surface heat exchangers for missile fuel 
systems. Coil-wire and punched-dise fin ar- 
rangements are described, as well as the need for 
careful quality control to produce leak-free units. 


Production 
Case of the J- 85 Compressor. S. P. Karpiel- 
yan. Azrcraft & Missiles Mfe., May, 1959, pp. 


10-15. Description of the machining of the com- 
pressor casing assembly covering the fabrication 
and welding of the elements. 

Hunting Jet Provost Profile. R. A. Cole. 
Aircraft & Missiles Mfg., May, 1959, pp. 48-52. 
Brief description of the aircraft and production 
techniques. 

Handley Page Victor. Aircraft Prod., May, 
1959, pp. 164-169. Description of the structure 
of the aircraft and of some of the techniques used 
in production. 


Metalworking 


Development of Procedures and Techniques 
for Preparing Bonded Double Layer Tantalum- 
Copper Composite Plates. R. C. Bertossa and 
S. Rau. USAF WADC TR 58-396 [AD 203- 
901), Nov., 1958. 104 pp. 

Pressure Vessels; A Study of Some Success- 
ful Materials and Processes. J. P. Kushnerick. 
Aircraft & Missiles Mfg., May, i959, pp. 35-38. 


Fabricating Stainless Steel. IV—Heat Treat- 
ing and Finishing. R. E. Paret. Tool Enegr., 
Apr., 1959, pp. 116-120. 


Void-Free Bonds. R. F. Geiger. 
Missiles Mfg., May, 1959, pp. 40-42. Descrip- 
tion of the ‘“‘ball-bonding’’ technique which in- 
sures satisfactory pressure and heat distribution 
when applied to the fabrication of B-52 flap panels. 


Faster Forming of Complex Parts by Spin 
Forging. Randolph Hawthorne. _Sbace/ Aero- 
nautics, May, 1959, pp. 69, 70, 72, 74. 


Deep Drawing for High Strength Solid Rocket 
Casings. Larry Shiller. Space/ Aeronautics, 
May, 1959, pp. 49-51. Description of techniques 
using scale models of final casings for determining 
drawability and formability for new casing design. 
Mechanical properties are given for ten suitable 
hot-work tool steels. 


Stress and Strain in Spinning Paraboloid 
Dishes. M. J. Cohen. (ASME Semi-Annual 
Meeting, Detroit, June 15-19, 1958, Paper 58- 
SA-8) ASMETrans., Ser. B- El, Feb., 1959, pp. 
43-50. 

Sequence-Control. Aircraft Prod., May, 1959, 
pp. 188-193. Development of manually oper- 
ated programing equipment for milling machines, 
suitable for short-run and batch production opera- 
tions. 


How to Machine These HT Alloys. 
Schrier. Aircraft Missiles Mfg., May, 1959, pp. 
44-46. Study recommending the use of low 
speeds, special-purpose cutting fluids, and posi- 
tive-rake tools. 


Drilling by Vibration. R. Simon. ASME 
Trans., Ser. B - El, Feb., 1959, pp. 67-76. Pres- 
entation of a comprehensive theory of vibratory 
drilling, taking the interaction between the load 
and the transducer into account in determining 
performance. The theory is developed for the 
case of a magnetostriction transducer, but is also 
applicable to other types of transducers. 


Belt-Grinding. Aircraft Prod., May, 1959, pp. 
177-182. Description of a machine and grinding 
technique that includes rotary mountings for the 
workpiece and masterformer to overcome the prob- 
lem of acute climb angles, a taper-end grinding- 
control for machining close to angular platforms 
and shrouds on turbine blades, and a small- 
diameter grinding head for machining radii down 
to a minimum of 0.25 in. 


Aircraft & 


Controlling Grinding Stresses. A. L. Ball. 
Tool Engr., Apr., 1959, pp. 121-125. Discussion 
of grinding procedures and of conditions intro- 
ducing residual stress in a metal. Methods for 
reducing the magnitude of residual stresses are 
presented. 
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Numerically Controlled Drilling; A Case Study. 


Josef Wolf. Tool Engr., May, 1959, pp. 69, 70. 
Description of the principles and use of tape-con- 
trolled machines and multi-spindle drilling heads 
for drilling large numbers of holes in a short time. 
Latest Developments in Heat Treating > 
Automotive and Aircraft Fields. II. A. 
Shearer. Auto. Ind., Apr. 15, 1959, pp. 40-33 
Brief discussion of the most important types of heat 
processing furnaces used in the aircraft industry 
and of typical parts heat treated in these units 


Temperature Distribution Through the Weld 
Pool in the Automatic Welding of Aluminium. 
D. M. Rabkin. Brit. Welding J., Mar., 1959, pp. 

132-137. Study of the effects of welding rate, 
are voltage, and parent metal temperature on the 
distribution of temperatures in the weld pool. 


Process Selection for Aluminium Welding. 
. T. Houldcroft and N. T. Burgess. Light 
Metals, Apr., 1959, pp. 121-125. Brief discussion 
of the determinant factors of process selection 
and description of the essential features of the 
individual welding processes such as tungsten-are 
welding, gas welding, and flash welding. 


Low-Cost Brazed Steel Honeycomb Structures. 
C. A. Boyce, Jr. Missiles & Rockets, May 4, 
1959, pp. 33, 35. Development of a new disper-, 
sion-hardened alloy which overcomes the problem 
of uneven filleting caused by rapid flow of the 
alloy and its poor corrosion resistance. 


Roll-Spot Welding for Ballistic Missiles. J. 
<. Dawson. (AWS 40th Annual Meeting, Chi- 
cago, Apr. 6-10, 1959.) Welding J., May, 1959, pp. 
475-479. Discussion showing the advantages of 
using seam-welding equipment to attach cylindri- 
cal parts. 


Oxyacetylene Pressure Welding of High-Speed 
Rocket Test Track. E.S. McKittrick and W. E. 


Donalds. (AWS 40th Annual Meeting, Chicago, 
Apr. 6-10, 1959.) Welding J., May, 1959, pp. 
469-474. Discussion of the track facility de- 


velopments and of the procedures used in oxy- 
acetylene pressure welding. The _ techniques 
used in laying 10,000 ft. of the new high-speed 
test track are also discussed. 


Spot welties, of Titanium Alloys. R. K. 
Nolen, J. F. Rudy, H. Schwartzbart, and H. D. 
Kessler. ir elding J. Res. Suppl., May, 1959, 


. 219-s-221l-s. Determination of parameters 
for spot welding annealed Ti-5Al-2.5Sn, annealed 
and heat-treated Ti-4Al-3Mo-1V, and _heat- 
treated Ti-6Al-4V. 


Welding of Medium-Alloy Chrome-Moly 
Steels. K. R. Notvest. (AWS 40th Annual 
Meeting, Chicago, Apr. 6-10, 1959.) Welding J. 
Res. Suppl., May, 1959, pp. 222-s-227-s. 15 
refs. Discussion of problems encountered in 
welding crack-sensitive alloy steels and descrip- 
tion of economical fabrication procedures intended 
to yield consistently good welds. 


Welding Properties of Chromium-Nickel- 
Molybdenum Hardenable Stainless Steels. R. 
H. Kaltenhauser. (AWS 40th Annual Meeting, 
Chicago, Apr. 6-10, 1959.) Welding J. Res. Suppl., 
May, 1959, pp. 228-s—231-s. 


Production Engineering 


Practical Statistical ago Control in the Air- 
frame Industry. I. J. Y. McClure. Ind. Quality 
Control, Apr., 1959, pp. 11-14. Discussion of 
quality control for incoming materials and tool 
manufacturing. 


Tooling 


How to Fixture Honeycomb Sandwich for 
Brazing. F. J. Filippi. Auto. Ind., Apr. 15, 
1959, pp. 46, 47, 106. 


Tooling for Precision Depth Hobbing. Alex 
Phillips. Tool Engr., May, 1959, pp. 65-68. 
Discussion of the tool steel selection required and 
of the production of hobs with the desired accu- 
racy within the limitations imposed upon the 
process by the tooling and the materials formed. 


Propellers 


Diagrams for’ Use in Calculation of Induced 
Velocity by Propellers. Matsunosuke Iwasaki. 
Kyushu U. Rep. Res. Inst. Appl. Mech., No. 23, 
1958, pp. 87-126. 10 refs. Derivation of a 
formula for the calculation of the induced velocity 
by the vortex systems of propellers and windmills 
on the assumption of an infinitely large number of 
blades. The functions Ur, Uz, and Ut, necessary 
for the application of the theory to practical cases, 
are calculated. Diagrams and numerical tables 
for the calculation are presented. 


Reliability 


The Reliability Wheel. P. R. Wheeler. 
Missile Des. & Devel., Apr., 1959, pp. 20, 21, 35, 
36, 50. Description ‘of the overall organization 
for reliability. 


Specific Mortality of Engineering Devices. L. 
V. Toralballa. Aero/Space Engrg., June, 1959, 
pp. 41, 42, 47. Description of the relation be- 
tween a given probability function and the corre- 
sponding specific mortality function used in the 
predetermination of reliability of specific devices. 
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no.8 


OF A SERIES 


The quiet, solid feeling inside 
the 1959 Oldsmobile results from 
patient testing by a highly spe- 
cialized “‘jury’’— experts in the 
field of sound analysis. 


Unlike most other phases of auto- 
motive engineering, there are no 
instruments which measure the 
“annoyance” factor of sounds inside 
an automobile. Subjective, personal 
evaluation known as the “jury sys- 
tem” is the most important means of 
determining how quiet it is inside 
an Oldsmobile. 


With the “jury system”, several ex- 
perienced engineers assemble in an 
acoustically: treated room and listen 
to binaural tape recordings made 
inside a test car. Careful editing of 
the tape recording allows rapid side- 
by-side comparison between two 
different test conditions and elimi- 
nates reliance on memory since con- 
siderable time may elapse between 
actual tests. By pushing a button, 
each engineer casts a secret “vote” 
and then the tabulation of the results 
determines which test condition is 
superior. 


For the greatest possible accuracy, 
considerable care is taken making 
the recordings. Special microphones 
are placed at points corresponding 
to the passengers’ ears. The recording 
equipment is in a specially equipped 


vehicle which follows the test car 
over a “ride road” that is carefully 
constructed to excite the vibrations 
and sounds that occur under normal 
driving conditions. 


Quality, like quietness, is not acci- 
dental. It is the deliberate effort by 
Oldsmobile engineers to design quality 


THE SOUND... 
AND THE JURY 


into every automobile they produce. 
You'll like the 1959 Oldsmobile — 
with its solid Body by Fisher— 
it’s the quietest car built! Experience 
this soaaliay for yourself by visiting 
your local Authorized Oldsmobile 
Quality Dealer as soon as possible. 


OLDSMOBILE DIVISION 
GENERAL MOTORS CORPORATION 


OLDSMOBILE — Where Quality is Standard Equipment! 
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Research, Research Facilities 


Missile Test Ranges of the United <4 oy 
era Mo. News Bul., Mar., 1959, pp. 1-4, 
11, 12 

Importance of Environmental Testing. R. H 
Brown. Missile Des. & Devel., Apr., 1959, pp 
24, 25, 27. Discussion of the importance and 
equipment required for testing the various envi- 
ronmental conditions. 


Study of Vibration and Shock in Aircraft and 
Development of Instrument Mountings (Interim 
oP: No. 1). E. H. Fey and R. O. Loving. 
USAF WADC TR 58-148 [AD 151128], Feb., 
1958. 65 pp. 20refs. Survey of aircraft shock 
and vibration environmental conditions for es- 
tablishing design specifications for flight control 
instruments and equipment. 

Vibration Testing of New Missiles Saves 
Money and Time. C. G. Pierce. Missiles & 
Rockets, Apr. 27, 1959, pp. 17-20. Discussion of 
the trend in vibration testing toward more accu- 
rate reproduction of the conditions that the mis- 
sile will encounter. Various testing techniques 
and a typical test system are described. 

A Universal Vibration ates Device for In- 
creased Lab Efficiency. .R. Britton. Environ- 
mental Quart., Apr., 19: 59° pp. 8-10. Description 
of a vibration device capable of handling many 
different-sized specimens and capable of vibrating 
the specimens sinusoidally in each of three mu- 
tually perpendicular planes. 


ecirie-Are Wind Tunnel of Electrodes for an 
Electric-Arc Wind ge Ch. E. oy a and 
D. R. Boldman. U.S., NASA Memo. 4-14-59E, 
Mar., 1958. 16 pp. 


Testing the ‘‘Talking’’ Atlas. S. Campbell. 
Environmental Quart., Apr., 19% pp. 
Description of the environmental testing proce- 
dures used on the Atlas 10B satellite. 


Chamber Simulates Space Environment. 
Michael Yaffee. Av. Week, Apr. 13, 1959, pp. 91, 
93, 95, 96. Survey of present and future test 
facilities for environmental testing of space 
equipment. 

High Temperature Test Facilities. 
Bruning. Westinghouse Engr., Mar., 1959, pp 
58-64. Brief description of five types of flow- 
tunnels and tubes, and induction heating struc- 
tural test facilities. The tunnels discussed include 
the continuous-flow, blowdown, hot-shot, electric- 
are, and the shock tube types. 

Limitations in Design Evaluation. Armin 
Bruning. (Westinghouse Engr., Mar., 1959, pp 
58-64.) Aircraft & Missiles Mfg., May, 1959, 
pp. 16-18. Abridged. 


Armin 


Flight Testing 


Airborne Magnetic for Flight- 
Loads Testing. I, . A. Johnson and C. B. 
Walker. J., ‘May, 1959, pp. 46-50; 
78-81. Description of the preflight preparation 
for a flight test of the F102A fighter, including 
methods of data recording and calibration, as well 
as in-flight procedures. 


Flight Tests of a Simple Method of Measuring 
Pressure Distributions on a Wing. W. G. A. 
Port and J. C. Morrall. Gt. Brit., ARC CP 422 
(Sept., 1958) 1959. 20 pp. BIS, New York, 
$0.54. Description of the test program and 
equipment. Pressure distributions were meas- 
ured both in free air and near the ground. 


A Pilot Opinion Study of Lateral Control ~~ 
quirements for Fighter-Type Aircraft. B. 
Creer, J. D. Stewart, _R. B. Merrick, and F. ¥ 
Drinkwater, III. U.S.,.NASA Memo. 1-29- 59A, 
Mar., 1959. 44 pp. Experimental investigation 
leading to the determination of two fundamental 
parameters affecting pilot opinion of the aircraft 
roli performance. A handling qualities criterion 
for the lateral control of fighter aircraft flying in 
their combat speed range is formulated. 


Techni Utilizing Free-Flying Radio- 
Controlled Models to Study the Incipient- and 
Developed-Spin Characteristics of Airplanes. 
Ch. E. Libbey and S. M. Burk, Jr. U.S 

NASA Memo. 2-6-59L, Mar., 1959. 34 pp. 
Description of the technique and some prelimi- 
nary results obtained on a model representing a 
contemporary fighter. 

Vigilante. J. Mallernee. CEC Recordings, 
Spring, 1959, pp. 12-14. Description of some 
characteristic features of the A3J—a carrier-based 
supersonic attack aircraft. Test instrumentation 
and data recording techniques for the early ver- 
sion are discussed. 


Rocket Sleds, Tracks 


Cost Comparison—Liquid vs. Solid Sleds. 
Martin Rubinstein. Missile Des. & Devel., Apr., 
1959, pp. 28-31, 50. Analysis of the propulsion 
costs of a sled system, using proven rocket engines 
to obtain the optimum combination of high speeds 
and minimum costs. 


Wind Tunnels 


A Simple Method of Improving the Supersonic 
Velocity Distribution in a Transonic Tunnel 
rae Slotted Walls. C. N. Hall. Gt. Brit., 
ARC CP 421 (July, 1957) 1959. 13 pp. BIS, 
New York, $0.36. 
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Measurements of Velocity eoaeg in the 


Working Section of the R.A.E. x 3ft. Wind 
Tunnel with Flow ia ‘the Second 
Diffuser. J. A. Lawford. Gt. Brit., RAE TN 
Aero. 2586, Oct., 1958. 9 pp. Inv estigation 
made to determine whether a large contraction 
ratio and wire gauze screens in the maximum sec- 
tion would prevent unsteadiness of flow in the 
return circuit from affecting flow in the working 
section. Flow disturbances were produced by 
means of a large fixed flap or a pair of oscillating 
flaps. The disturbances obtained were less than 
had been anticipated, and it was found that a very 
large flap had no measurable effect on turbulence 
in the working section. 


The New A.R.A. Supersonic Wind Tunnel; 
Details of the Facility Recently Commissioned at 
Bedford. Aircraft Eng., Mar., 1959, pp. 81-83. 


The Fluorescent-Oil Film Method and Other 
Techniques for Boundary-Layer Flow Visuali- 
zation. D. L. Loving and S. Katzoff. U-.S., 
NASA Memo. 3-17-59L, Mar., 1959. 37 pp. 
15 refs. 


Cheap Wind Tunnel Models from Plastic Kits. 
Space/ Aeronautics, May, 1959, pp. 99, 100, 102, 
104 


A Hydrogen Peroxide Hot-Jet Simulator for 
Wind-Tunnel Tests of Turbojet-Exit errr 
J. F. Runckel and J. M. Swihart. U.S., NASA 
Memo. 1-10-59L, Feb., 1959. 35 pp. 20 refs. 
Development of a simulator for powered model 
testing. The system produces a hot jet which 
closely simulates the exhaust of turbojet engines 
and can be installed in wind-tunnel models. 


Rotating Wing Aircraft, Helicopters 


Annual Review of Rotary Wing Aircraft. Am. 
Helicopter, Dec., 1958, pp. 9-21. esign, pro- 
pulsion, and performance characteristics of 50 
aircraft types. 


The Bristol Type 192; The Twin-Rotor Princi- 
ple in Practice. Bristol Quart., Winter, 1958- 
1959, pp. 25-28. Brief survey of the develop- 
ment of the tandem-rotor helicopter highlighting 
some of its more interesting aspects. 


Safety 
Mid-Air Collision Risk. J. A. McDonald. 
Shell Av. News, Mar., 1959, pp. 19, 20. Discus- 


sion of some of the collision causes and of possible 
means of eliminating them. The use of radar and 
lights is considered. 


An Engineering Study of Aircraft Crash-Fire 
Prevention. R. B. Jones, R. G. Diquattro, and 

G. Towle. USAF WADC TR 57-370 {|AD 
155846), June, 1958. 112 pp. 12refs. Design, 
development, and flight testing of an aircraft 
crash-fire prevention system. The feasibility of 
providing an airworthy and reliable system is 
demonstrated 


Structures 


Note on the Theory of ne Structural 
Analysis. J. H. Argyris and S. Kelsey. ZFW, 
Mar., 1959, pp. 73-77. 10 refs. Discussion of 
some important aspects of the matrix theory of 
aircraft structures. The existence of dual 
methods of idealization of the structure is stressed. 
The treatment of cut-outs and modifications 
is considered, and the use of matrix programing 
for the electronic computer so as to secure a close 
integration between analysis and computation is 
emphasized. 


Bars & Rods 


Finite Deflections of Bars with Initial Curva- 
ture, Subjected to Eccentric Compression. M. 
Zyczkowski. Acad. Pol. Sci. Bul., No. 1, 1959, 
pp. 39-52. 13 refs. Analysis using a power- 
series ata and presenting a four-decimal table 
of deflections. 


Bare Curbe cu Pereti Subtiri. Augustin 
Petre. Stud. Cerc. Mec. Aplic., No. 4, 1958, pp. 
1,013-1,021. In Rumanian, with summaries in 
Russian and French. Derivation of a solution to 
the problem of thin-walled curved bars of arbi- 
trary cross section for arbitrary conditions of 
loading, taking into account the prevention of de- 
formation of transversal cross sections and the 
torsion due to transversal forces. 


Asupra Torsiunii unor Bare Cilindrice cu 
Sectiune Dublu Conexa. F. Dinca and N. Boicu. 
Stud. Cerc. Mec. Aplic., No. 3, 1958, pp. 733-739. 
In Rumanian, with summaries in Russian and 
French. Derivation of a solution covering the 
torsional problem of cylindrical bars having dou- 
bly-convex transversal sections. Numerical ap- 
plications are made to various types of bars. 


Beams & Columns 


The Relation Between the Bending Strain and 
the Load for a Beam on an Elastic Foundation. 
A. W. Simon. USAF MDC TR 59-7 [AD 
210010\, Mar., 1959. 11 pp. Presentation of 
formulas giving the bending strain for a single 
concentrated load and for two concentrated loads 
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placed a fixed distance apart on a missile test 
track. The relation between this strain and the 
parameters of the missile track is given. 


The Compressive Creep Buckling of Metal 
Columns. VI—Effect of Initial Imperfection. 
Appendix I—Mechanical and Creep Properties of 
Test Material. Appendix II1—Column-Creep 
Data. Alfred Rudnick, R. L. Carlson, and G. K 
Manning. USAF WADC TR ri. WI 
{AD 202491], Oct., 1958. 52 pp. 14 refs 
Experimental investigation to determine the 
effects and interdependence of imperfection, 
temperature, column load, and lifetime. The 
creep buckling behavior was found to be very 
strongly influenced by initial imperfection. 


O Kruchenii Prizmaticheskogo Brusa. L. 
Gamburger, F. Dinke, and I. V. Mania. (Stud. 
Cerc. Mec. Aplic., No. 4, 1957.) Rev. Méc. Appl., 
No. 2, 1958, pp. 85-94. In Russian. Study of 
the torsion of prismatic beams and development 
of a method of calculation. 


Cylinders & Shells 


Une Nouvelle Maniére de Formuler le Prob- 
léme des Coques Minces Liviu 
Librescu. (Stud. Cerc. Mec. Aplic., No. 2, 
1957.) Rev. Méc. Appl., No. 2, 1958, pp. 113- 
124. 12 refs. In French. Development of a 
new approach to the problem of thin elastic shells. 


Equations for Thin Toroidal Shells. T. Au. 
J. Aero/Space Sci., June, 1959, pp. 391, 392. 


Elasticity & Plasticity 


Thermo-Elasticity and Visco-Elasticity in 
Structures. P.M. Naghdi. U. Mich. Res. Inst. 
Final Rep. (AFOSR TR 59-33) [AD 212470), 
Feb., 1959. 6 pp. Presentation of summaries 
for five previous reports covering five aspects of 
the program, respectively. 

Reduction of Strain Rosettes in the Plastic 
Range. C. S. Ades. J. Aero/Space Sci., June, 
1959, pp. 392, 393. 

Torsiunea Arborelui Gol cu Caneluri Radiale 
Exterioare sau Interioare. V. Manea. Stud. 
Cerc. Mec. Aplic., No. 4, 1958, pp. 1,035-1,048. 
In Rumanian, with summaries in Russian and 
French. Application of infinite series and sys- 
tems to study the torsion of hollow shafts, includ- 
ing the torsional rigidity and the stress distribu- 
tion. 


O Primenenii Konformnykh Preobrazovanii v 
Ploskoi Zadache Teorii Uprugostidlia Drukhsviaz- 
nykh Oblastei. L. Solomon and D. Dregiche- 
sku. (Stud. Cerc. Mec. Aplic., No. 4, 1957.) 
Rev. Méc. Appl., No. 2, 1958, pp. 95-111. In 
Russian. Application of conformal transforma- 
tions to the one-dimensional problem in the theory 
of elasticity for doubly connected domains. 


~ Yield Strength of Beams in Pure Bending. 

Rivello. Aero/Space Sci., June, 1959, 

pp. 303. 394. Presentation of a rapid method for 

determining the yield strength of beams by using 

Hill's parameters for the stress-strain curve in 

combination with the Cozzone method for plastic 
bending. 


The Slip Theory of Plasticity for Crystalline 
Aggregates. H. Payne J. Mech. & Phys. 
Solids, Mar., 1959, pp. 126-134. AFOSR- 
sponsored mathematical presentation extending 
the model developed by Taylor to render it ca- 
pable of predicting the complete stress-strain rela- 
tion for a polycrystalline material following a 
nonlinear strain path. 


Fatigue 

Accumulative Fatigue Damage Caused by Ran- 
dom Loading. H. C. Schjelderup. J. Aero 
Space Sci., June, 1959, pp. 394, 395. Compara- 
tive discussion of the applicability to the random 
vibration problem of Miner’s hypothesis and the 
Dolan and Corten concept of accumulative-fa- 
tigue damage. 


Plates 


The State of Stress and Displacement in a 
Thick Circular Plate Due to a Non-Stationary 
Temperature Field. W. Derski. Acad. Pol. Sc 
Bul., No. 1, 1959, pp. 53-64. 


Asupra Calculului de Rezistenta al Placilor 
Plane P. Teodorescu. Stud. Cert. 
Mec. Aplic., No. 1958, pp. 721-731. 
In Rumanian, aa summaries in Russian and 
French. Development of a method for the cal- 
culation of thick, infinite, flat plates subjected to 
periodic loading. Results are presented for vari- 
ous types of loading in terms of symmetric or 
antisymmetric properties in respect to the coor- 
dinate axes. 


Thermal Stresses in Orthotropic Plates. W. 
Nowacki. Acad. Pol. Sci. Bul., No. 1, 1959, pp. 
1-6. Presentation of equations for the displace- 
ment and stresses within a finite plate showing dif- 
ferent elastic and thermal [properties in two or- 
thogonal directions. 


Plates with Holes 


Theoretical Stresses Near a Circular Opening 
in a Flat Plate, Reinforced with a Cylindrical 
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Outlet. E. O. Waters. (ASME Annual Meet- 
ing, New York, Nov. 30-Dec. 5, 1958, Paper 58- 
A-171.) ASME Trans., Ser. A - EP, Apr., 1959, 
pp. 189-200. 


Sandwich Construction 


The Elastic-Plastic Bending of an Eccentrically 
Loaded Sandwich Column. W. E. Boyce. J. 
Aero/Space Sci., June, 1959, pp. 398, 399. Ex- 
tension of a previously developed analysis to 
cover electric effects and assessment of their im- 
portance. 

Brazed Steel Honeycomb Structures for 800 F. 
Ch. F. Burrows. Materials in Des. Eng., Apr., 
1959, pp. 110, 111. Discussion covering the 
selection of core and face materials, as well as 
brazing alloys, and evaluation of the properties of 
honeycomb structures. 


Thermal Stress 


O Ploskoi Zadache Termouprugosti. 
Teodoresku. (Bul. Stiint. Sect. Stiint. 
No. 2, , p. 471.) Rev. Méc. Appl., No. 3, 
1958, pp. 33% j In Russian. For- 
mulation of the problem of thermoelasticity, in- 
cluding the determination of the state of stress 
and deformation, and establishment of the law of 
heat propagation within the body. 

Comparison of Approximate Solutions of the 
Thermoelastic Problem of the Thick-Walled 
Tube. J. H. Baltrukonis. (JAS Natl. Summer 
Meeting, Los Angeles, July 8-11, 1958, Preprint 
836.) J. Aero/Space Sci., June, 1959, pp. 329- 
334. 

Asupra Analogiei Sarcinilor Termice in Pro- 
blema Termoelastica a Invelitorilor Subtiri. 
Liviu Librescu. Stud. Cerc. Mec. Aplic., No. 3, 
1958, pp. 777-782. In Rumanian. Discussion 
covering the analogy of thermal stresses in the 
thermoelastic problem of thin shells. 


Tubes 


Theory of Thin-Walled Bars. J. 
Appl. Mech. Rev., Apr., 1959, pp. 219-227. 301 
refs. Survey including open sections, closed 
sections, tapered and curved bars, stability and 
vibration, diffusion, frameworks, and the elastic- 
plastic range. 


Mat. Fiz., 


Nowinski. 


Wings 


Rigidezza Torsionale di Strutture Alari Molte- 
plicemente Connesse. Paolo Santini. L’Aero- 
tecnica, Dec., 1958, pp. 323-326. In Italian. 
Extension of formulas for torsional rigidity of 
thin-walled structures to the case of multiple con- 
nections. The exact expression for finite distance 
webs is derived and the case of infinitely thin 
webs is considered. 


Thermodynamics 


Summary—Selected References on Gas Tur- 
bines, Regenerative Cycles, Rotary Regenerators, 
and Associated Heat-Exchange and Pressure- 
Drop Information. W. E. Hammond. ASME 
Trans., Ser.C - HT, Feb., 1959, pp. 75-78. 26 
refs. 


Combustion 


Combustion of Various Highly Reactive Fuels in 


a 3.84-by oe Mach 2 Wind Tunnel. Harrison 
Allen, Jr., and E. A. Fletcher. U.S., NASA 
Memo. 1-15-59E, Apr., 1959. 28 pp. Experi- 


mental investigation disclosing that aluminum 
borohydride, pentaborane, mixtures containing 
up to 41 per cent JP-4 fuel in aluminum borohy- 
dride, and various ether fuels and fuel combina- 
tions were successfully burned and gave associated 
pressure rises. Fuels that could not be ignited at 
the tunnel conditions are also presented. 

Effect of Initial Temperature on Flash Back of 
Laminar and Turbulent Burner Flames. Burton 
Fine. Ind. & Eng. Chem., Apr., 1959, pp. 564- 
566. 14 refs. Inv estigation using hydrogen, 
propane, and ethylene fuels with air that shows 
the critical boundary velocity gradient for ftlash- 
back increases with initial gas temperature. 


Heat Transfer 


Heat Flow Theory. A. D. Kraus. Elec. Mfg., 
Apr., 1959, pp. 123-142. 15 refs. Detailed dis- 
cussion of the three modes of heat transfer: 
conduction, convection, and radiation. The basic 
equations are derived by using dimensional analy- 
sis to establish the parameters and the various 
“numbers” involved in convection expressions. 

Transient Heat Conduction in Elliptical Plates 
and Cylinders. E. T. Kirkpatrick and W 


Stokey. (ASME-AIChE Heat Transfer Conf., 
hicago, Aug. 18-21, 1958, Paper 58-HT- 10.) 
ASME Trans., Ser. C - HT, Feb., 1959, pp. 54- 


58; Discussion, pp. 59, 60. Presentation of a 
numerical evaluation of McLachlan’s solution by 
the use of a digital computer; a table of the neces- 
Sary zeros of the modified Mathieu functions is 
also included. 


Free Convection, Forced Convection, and Acous- 
tic Vibrations in a Constant-Temperature Vertical 


Tube. T. W. Jackson, W. B. Harrison, and W. 
C. Boteller. (ASME-AIChE Heat Transfer 
Conf., Chicago, Aug. 18-21, 1958, Paper 58- 
HT-6.) ASME Trans., Ser. C - HT, Feb., 1959, 
pp. 68-74. l0refs. Investigation of the effect of 
acoustic vibrations on heat transfer. 

Combined Free and Forced Convection in a 
Constant-Temperature Vertical Tube. T. W. 
Jackson, W. B. Harrison, and W. C. Boteler. 
(ASME-AIChE Heat Transfer Conf., University 
Park, Pa., Aug. 11-15, 1957, Paper 57-HT-13.) 
ASME Trans., Apr., 1958, pp. 739-745. 10 refs. 
Investigation of superposed free and forced con- 
vection for air in a vertical tube. 

Transient Heat Transfer for Laminar Forced 
Convection in the Thermal Entrance Region of 
Flat Ducts. R. Siegel and E. M. Sparrow. 

(ASME-AIChE Heat Transfer Conf., Evanston, 
4 ug. 18-21, 1958, Paper 58-HT-3.) ASME Trans., 
Ser.C - HT, Feb., 1959, pp. 29-36. Solution for 
arbitrary time- dependent conditions by generaliz- 


; ing the thermal response to a unit step change in 


wall temperature or in wall heat flux. The step- 
function response is found by using the method of 
characteristics. 


Modes of Adiabatic and Diabatic Fluid Flow in 
an Annulus with an Inner Rotating Cylinder. 
Joseph Kaye and E. C. Elgar. (ASME-AIChE 
Heat Transfer Conf., University Park, Pa., Aug. 
11-15, 1957, Paper 14.) ASME Trans., 
Apr., 1958, pp. 753-765. 15 refs. Investigation 
of the variables controlling the rate of heat trans- 
fer in the air gap of a rotating electrical machine. 

Heat Transfer in Laminar Flow Through a 
Tube. Milton Abramowitz, W. F. Cahill, and 
Clarence Wade, Jr. J. Res., Mar., 1959, pp. 
101-105. ONR-sponsored presentation of a 
solution, using the method of least squares, in 
terms of a set of nonorthogonal characteristic 
functions. These functions and the correspond- 
ing characteristic values jare determined by 
numerical integration employing the Runge- 
Kutta procedure. 

Heat Transmission to Fluids with Low Prandtl 
Numbers for Flow Through Tube Banks. R. D. 
Cess and R. J. Grosh. (ASME-AIChE Heat 
Transfer Conf., University Park, Pa., Aug. 11-15, 
1957, Paper 57-HT-12.) ASME Trans., Apr., 
1958, pp. 677-682. 

Heat Transfer to Flow in a Round Tube with 
Arbitrary Velocity Distribution. I. R. Whiteman 
and W. B. Drake. (ASME-AIChE Heat Trans- 
fer Conf., University Park, Pa., Aug. 11-15, 1957, 
Paper S-AT I.) AS ME Trans., Apr., 1958, pp. 
728-732. Extension of the Graetz method to 


cover various velocity profiles; the variation of 
Nusselt modulus with respect to these profiles is 
shown. 

Gas-Friction—Heat for Ducted 
Flows. S. V. Manson. AIChE Heat 
Transfer Conf., U niversity oe’ Pe. Aug. 11-15, 
1957, Paper 57-HT-34.) ASME Trans., Apr.. 
1958, pp. 733-735; Discussion, pp. 735-738. 

A New Method of Heat-Exchanger Design — 
Specified Inlet and Outlet Conditions. R. 
Fairall. (ASME-AIChE Heat Transfer vee 
University Park, Pa., Aug. 11-15, 1957, Paper 
57-HT-5.) ASME Trans., Apr., 1958, pp. 601— 
611. Development of a set of simultaneous 
equations which expresses the size of a heat ex- 
changer as a function of the operating conditions 
and the surface temperatures within the unit and 
permits this comparison to be made on a basis of 
flows, pressure losses, temperatures, heat-ex- 
changer size, and weight. 

uasilinear Heat Flow. N. E. Friedmann. 
(ASME-AIChE Heat Transfer Conf., University 
Park, Pa., Aug. 11-15, 1957, Paper 57-HT-10.) 
ASME Trans., Apr., 1958, pp. 635-645. 39 refs. 
Analysis considering the influence of variation in 
temperature of thermal conductivity, density, 
and heat capacity at constant pressure on the 
solutions of the heat-conduction equation. 


Heat Transfer and Friction for Fluids Flowing 
Over Surfaces at High Temperatures and High 
Velocities. ASME Trans., Ser. C - HT, Feb., 
1959, pp. 86-88. Review of research during the 
period from 1946 to 1956 on the transfer of heat 
by forced convection between surfaces and fluids 
for Mach Numbers up to 8 and temperature dif- 
ferences of the order of 2,500°F. 


Heat Transfer to Fluids with Low Prandtl Num- 
bers for Flow Across “7 and Cylinders = 


Various rors Section. J. Grosh and R. 
Cess. (ASM Fall Mant Harford, Sept. 
23-25, 1957, 57-F-29.) ASME Trans., 


Apr., 1958, pp. 667-676. 17 refs. 

A Boundary-Layer Treatment of Laminar-Film 
Condensation. Appendix I—Variable Wall Tem- 
perature. Appendix II—-Low Prandtl Number 
Sey larga Results. E. M. Sparrow and J 

Gregg. (ASME Semi-Annual Meeting, De- 
June 15-19, 1958, ly, SA-2.) ASME 
Trans., Ser. C - HT, Feb., 1959, pp. 13-28. Anal- 
ysis of ‘condensation on a vertical plate starting 
with the boundary-layer equations. A similarity 
transformation is found which reduces them to 
ordinary differential equations. Energy-convec- 
— and fluid-acceleration terms are accounted 
or. 


requirements. 
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Eliminates antenna shading 


Autonetics’ new Automatic Antenna Selector insures uninter- 
rupted radio reception in military and commercial aircraft. 
Used with dual-antenna systems, it assures a strong, continu- 
ous signal. Does away with manual switching and losses due 
to coaxial tees in the antenna feedlines. Simple to install... 
has a 10,000-hour operating life with minimum maintenance 
...completely reliable during high-speed maneuvers and in 
environmental extremes. 
Meets stringent military 


Autonetics 


A Division of North American Aviation, Inc., Downey, California 
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..NEWS IS HAPPENING AT NORTHROP) 


Shown above: Northrop’s T-38 Talon, F-89 Scorpion 
and §M-62 Snark — all served by Nortronics’ mechan- 
ical, electronic and servo-hydraulic GSE applications. 
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For the Hawk missile, Nortronics supplies Raytheon Manufac- 
turing Co. with the loaders, launchers, and auxiliary handling 
equipment. Throughout concept, design and production, 
Nortronics has kept this program on —or ahead of schedule. 


NORTRONICS TOTAL GROUND SUPPORT 
—KEY 10 DEFENSE READINESS! 


By integrating mechanical, electronic and servo-hydraulic skills into 
a wide variety of ground support equipment applications, Nortronics 
demonstrates an understanding of the total weapon system. 


Nortronics conceives, designs and manufactures GSE around a 
knowledge of the weapon’s mission, its operational and maintenance 
concepts, and the facilities and skills of its field operators. 


Twenty years of specialized experience gives Nortronics the ability 
to get the job done — to translate your most complex GSE require- 
ments into reliable hardware — on time — and at minimum cost. 


For immediate help with your GSE requirements, call Nortronics 
today. Or write: Chief Applications Engineer, Dept. 2003 -J3, 
Nortronics, 500 E. Orangethorpe Ave., Anaheim, California. 


NORTRONICS 


A Division of 
NORTHROP CORPORATION 
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. . . in the field of aeronautical engineering and space technology 


AERONAUTICS, GENERAL 


Jane’s All the World’s Aircraft, 1958-59. 
Compiled and Edited by Leonard Bridgman. 
New York, McGraw-Hill Book Co., Inc., 1958. 
532 pp., illus., diagrs., tables. $30. 

Despite some extensive deletion of obsolete 
material, the addition of new information has 
resulted in this volume being 44 pages bigger than 
last year’s edition. The eight sections of the book 
are devoted to military aviation, civil aviation, 
civil air-line operators, airplanes, guided missiles, 
gas-turbine engines, piston engines, and airships. 

In a total of 532 pages, the airplane section oc- 
cupies 349 pages, 50 per cent of the 762 illustra- 
tions being new. The missile section has been 
expanded to 36 pages and includes 73 new illus- 
trations. The engine section is 99 pages long, 
with 65 devoted to gas-turbine engines and rocket 
power plants, and 37 to piston engines. 

As befits the size of its industry, the United 
States occupies in this edition a total of 190 pages. 
Great Britain occupies second place, and France 
comes third, followed by the Soviet Union with 19 
pages in the airplane section and 3 in the missile 
section. 

Four separate indexes are provided, covering 
aircraft, rotary-wing aircraft, gas-turbine engines, 
piston engines, and the manufacturers of each. 
In addition to references to all the items in this 
edition, each index contains references to every 
aircraft and engine described in the ten previous 
editions, going back to and including 1948. 

U.S. Aircraft, Missiles and Space Craft, 1959. 
Washington, National Aviation Education Coun- 
cil, 1959. 149 pp, illus., diagrs. $1.00. 

Formerly entitled U.S. Aviation Today, this 
annual contains a listing of all the aircraft and 
missiles in production at press time. Included 
are a summary of outstanding aviation events, 
people in the news, records made, and outstanding 
events in the field of astronautics. 


COMPUTERS 


Design of Transistorized Circuits for Digital 
Computers. Abraham I. Pressman. New York, 
John F. Rider Publisher, Inc., 1959. 316 pp., 
diagrs. $9.95. 

This book is concerned with the design of tran- 
sistorized digital computers and digital-type cir- 
cuits. Written from the viewpoint of the circuits 
designer, it is intended both for those who have 
no prior knowledge of either transistor or compu- 
ter-type circuits and for those with a knowledge 
of computer-type circuitry who have not yet 
converted to transistors. Discussions encompass 
detailed design calculations of nearly all the main 
methods of circuitizing computer logical elements 
and other building blocks, with transistors. 
Emphasis has been placed on worst-case design 
techniques so that the basic circuits may operate 
with resistors, voltages, transistor parameters, 
diode forward drops, and reverse leakages, all 
simultaneously at those extremes of their tol- 
erance limits that would most tend to make the 
circuits inoperative. Circuits dealt with are 
mainly large-signal; on-off-current switches, and it 
is shown how they may be designed from the 
static volt-ampere curves of the transistors, and 
from some knowledge of their transient response 
characteristics. The behavior of the circuits can 
be predicted from relatively simple arithmetic 
calculations. 

Mr. Pressman is on the staff of the Radio Cor- 
poration of America as Digital Circuits Consul- 
tant. 


CRYOGENICS 


Cryogenic Engineering. Russell B. Scott. 
Princeton, N.J., D. Van Nostrand Co., Inc., 1959. 
368 pp., illus., diagrs., tables. $5.60. 

Covering the entire range of cryogenic engi- 
neering, and intended as an introduction for engi- 
neers and others unfamiliar with the techniques of 
the subject, this volume describes the develop- 
ment and improvement of low-temperature proc- 
esses and equipment; the determination of the 
physical properties of materials used to produce, 
maintain, and utilize low temperatures; and the 
Practical application of cryogenic techniques. 
Major problems encountered in the field receive 
attention, from the liquefaction and separation of 
Sases to cooling by adiabatic demagnetization, 
methods of measuring low temperatures, low- 
temperature insulation, and the storage and trans- 
fer of liquefied gases. The final two chapters 
Provide basic information needed for new applica- 
tions of cryogenics by discussing properties of 


very cold fluids and solids. These chapters also 
include a large number of tables and graphs of 
values of the most relevant properties. 

Throughout the book, material is organized so 
that an investigator with a new idea involving 
cryogenics can gage the feasibility of his project 
and form some idea of the difficulties to be ex- 
pected. The most recent developments are 
treated in great detail since they utilize the most 
advanced techniques. 

The author is Chief, Cryogenic Engineering 
Laboratory, National Bureau of Standards. 


DICTIONARIES 


Dictionary of Guided Missiles and Space Flight. 
Edited by Grayson Merrill. (Principles of 
Guided Missile Design, Vol. 5.) Princeton, N.J., 
D. Van Nostrand Co., Inc. 1959. 688 pp., illus., 
diagrs. $17.50. 

Designed to facilitate the establishment of a 
common language in the selected field, the dic- 
tionary contains some 10,000 definitions of the 
most commonly used terms in the guided missile 
and space flight fields. The terms defined include 
current and historical guided missiles and space- 
craft; various guidance and control, propulsion, 
armament, and launching systems; and all related 
terms from aerodynamics, astrodynamics, elec- 
tronics, astronomy, and physics. The latter in- 
clude terms covering antennas, circuits, radar 
systems, and propellants, as well as the important 
laws, relationships, equations, and concepts which 
govern their utilization and design. Military 
and civilian personnel concerned with research, 
design, or operation of guided missiles and space- 
craft will find the book useful as a source of exact 
definitions and detailed explanations. 

The editor is General Manager, Astrionics Di- 
vision, Fairchild Engine and Airplane Corpora- 
tion. 

Mathematics Dictionary. Edited by Glenn 
James and Robert C. James. Multilingual Ed. 
Princeton, N.J., D. Van Nostrand Co., Inc., 
1959. 546 pp. $15. 

More than 7,000 mathematical terms, concepts, 
and relationships are defined in this enlarged re- 
vision of the 1949 Mathematics Dictionary. The 
coverage is broad—from elementary terms in 
arithmetic through calculus, basic terms in dif- 
ferential geometry, theory of functions of real 
and complex variables, advanced calculus and dif- 
ferential equations, to the theory of groups and 
matrices, theory of summability, point-set topol- 
ogy, integral equations, calculus of variations, 
analytic mechanics, and the theory of potential, 
and statistics. Many new basic terms have been 
included from among the fields of modern alge- 
bra—number theory, topology, vector spaces, 
the theory of games and linear and dynamic pro- 
graming, numerical analysis, and computing 
machines. 

While not encyclopedic, the work is intended to 
be not merely a word dictionary but a correlated 


condensation of mathematical concepts, designed ~ 


for time-saving reference. A useful feature of 
the book is the multilingual index, in Russian, 
German, French, and Spanish, which enables the 
user to find quickly the English meaning of a 
term in another language and then its definition in 
the body of the book. The appendix contains 
many tables and formulas, as well as an extensive 
list of mathematical symbols. 


A Dictionary of Named Effects and Laws in 
Chemistry, Physics, and Mathematics. D. W. 
G. Ballentyne and L. E. Q. Walker. New York, 
The Macmillan Co., 1959. 205 pp., diagrs. 
$6.00. 

This ready reference contains some 1,000 terms, 
relations, rules, or laws that are identified by the 
names of scientists who have investigated some 
scientific law or relation or who have worked in 
some field with which their name has become his- 
torically connected. It is not intended to be read 
as a textbook, but rather to be consulted as a 
dictionary whenever the reader is confronted by a 
mention of a rule or law of someone who worked, 
perhaps, in quite another field. Entries appear in 
alphabetical order; classification by subject mat- 
ter has not been attempted. 


MATERIALS 


Materials for Rockets and Missiles. Robert G. 
Frank and William F. Zimmerman. New York, 
The Macmillan Co., 1959. 124 pp., illus., diagrs., 
tables. $4.50. 

This book contains engineering data on the 
lightweight, high-temperature metals and ceram- 
ics now available and upcoming for use in 


rockets and missiles. Among the materials dis- 
cussed are wrought and cast alloys of aluminum 
and magnesium; titanium and molybdenum 
alloys; cermets and ceramics; and sheet, wrought, 
and cast alloys of iron-, nickel-, and cobalt-base, 
accompanied by recommendations for their best 
usage. Outstanding examples are given of each 
type, thus presenting a basis for drawing infer- 
ences about other materials in the same classes. 
Materials are compared according to their chem- 
istries and selected physical properties, such as 
density, coefficients of thermal expansion and con- 
ductivity, elastic moduli, and impact strength. 
New material fabrication processes, including 
high-temperature brazing, chipless production, 
and unconventional machining techniques, are 
also covered. 

The authors are both engineers at the Flight 
Propulsion Laboratory, General Electric Com- 
pany, Cincinnati. 


The Nimonic Alloys. W. Betteridge. London, 
Edward Arnold (Publishers) Ltd.; New York, 
St. Martin’s Press, 1959. 332 pp., illus., diagrs., 
tables. $15. 

The information given in this book deals mainly 
with the metallurgical characteristics of precipi- 
tation-hardenable nickel-chromium-base alloys, 
their mechanical and physical properties, and 
suitable methods of treatment and manipulation. 
The final chapter in the volume is devoted almost 
entirely to the application of the alloys in aircraft 
engines. Manufacturing and processing tech- 
niques, and the fundamental factors reponsible for 
the particular characteristics of the alloys, are 
discussed only briefly, when they are relevant to 
properties and uses. The material, presented in 
concise and logical manner, should prove useful 
to those who have interest in high-temperature 
materials, whether from the point of view of their 
constitution and properties or in relation to their 
use in the widening field of engineering for which 
the properties of the nimonic alloys render them 
peculiarly suitable. 

The author has developed his text after 12 
years as a leader of a research team in the labora- 
tories of the Mond Nickel Company, while work- 
ing simultaneously on the practical aspects of the 
problems with Messrs. Henry Wiggin and Com- 
pany. 


MECHANICS 


Engineering Mechanics. H. L. Langhaar and 
A. P. Boresi. New York, McGraw-Hill Book Co., 
Inc., 1959. 705 pp., diagrs. $9.00. 

This is a textbook for the junior engineering 
student which stresses the general ideas of 
mechanics and their interpretations. Through- 
out, the traditional material on statics is inte- 
grated with a more formalized and mathematically 
symbolic apprvach, some concepts of strength of 
materials, and greater discussion of energy 
methods. To give the student an adequate basis 
for further studies of fluid mechanics and the 
mechanics of deformable bodies, emphasis has 
been placed on the mechanics of nonrigid systems. 

The authors are on the faculty of the University 
of Illinois. 


Mechanics: Part 2, Dynamics. J. L. Meriam. 
2nd Ed. New York, John Wiley & Sons, Inc., 
1959. 420 pp., diagrs., tables. $5.00. 

Dr. Meriam, Professor of Engineering Mechan- 
ics, University of California, has designed this 
book as a text for the basic mechanics courses in 
the ncrmal engineering curriculum, with empha- 
sis On engineering or applied mechanics. Among 
the topics considered are the principles of dynam- 
ics; kinematics; principles of kinetics; force, 
mass, and acceleration; work and energy; im- 
pulse and momentum; and periodic motion. 
The material is presented with a large selection of 
problems which illustrate wide application to the 
various fields of engineering and which will lead 
from the idealized and symbolic representation to 
the more practical engineering situation. 


Mechanics of Machines, Elementary Theory 
and Examples. John Hannah and R. C. Ste- 
phens. London, Edward Arnold (Publishers) 
Ltd.; New York, St. Martin’s Press, 1958. 238 
pp., diagrs. $5.00. 

This book is intended for first-year engineering 
students and for Higher National Certificate 
courses of comparable standard. Each chapter 
consists of a statement of the theory under dis- 
cussion and a large number of worked and un- 
worked examples. 
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MISSILES, ROCKETS 


High Altitude and Satellite Rockets; A Sym 
posium Sponsored by The Royal Aeronautical 
Society, The British Interplanetary Society and 
The College of Aeronautics. Held at Cranfield, 
Eng., 18th-20th July, 1957. New York, The 
Philosophical Library, Inc., 1959. 136 pp., illus., 
diagrs. $15 

Contents: The Scientific Applications of Rock 
ets and Satellites, H.S. W. Massey. The Satel 
lite Launching Vehicle, M. W. Rosen. British 
Upper Atmosphere Sounding Rocket, W. H 
Stephens. Some Propulsion Problems of High 
Aititude Rockets, A. D. Baxter. Design Prob 
lems of Large Rockets, K. J. Bossart. U.S.S.R 
Rocket and Earth Satellite Programme for the 
I.G.Y. Recovery After Re-Entry, by the Use of 
Aerodynamic Lift, W. F. Hilton. Dynamics of a 
Dissociating Gas: Non-Equilibrium Theory, N. 
C. Freeman. High Temperature Materials in 
Relation to the Satellite Re-Entry Problem, P. 
Murray. Some Problems of Instrumentation, 
Telemetry, and Guidance, A. W. Lines. Prob- 
lems of Respiratory Metabolism in Sealed Cabins, 
H. G. Clamann. Psycho-Physiological Hazards 
of Satellite Flight, J. P. Henry. Future Develop- 
ments in Rocket Propulsion Beyond the Atmos- 
phere, L. R. Shepherd. Programme of the 
Symposium. The Lecturers. List of Members. 
Illustrated Guide to U.S. Missiles and Rockets. 
Stanley Ulanoff. Garden City, N.Y., Doubleday 
& Co., Inc., 1959. 128 pp., illus.,diagrs. $3.95. 
This brief, but descriptive, album describes the 
basic missiles and rockets in service or undergoing 
testing in the United States today. Each major 
missile is illustrated by an action photograph and 
a scale silhouette showing its construction. The 
text discusses the missile’s history and mission, 
as well as the most important aspects of its en- 
gines and electronic guidance. Tables give addi- 
tional data on each missile: manufacturer, power 
plant, propellant, dimensions, guidance, speed, 
range, and ceiling. 
The author, a former newspaperman and Army 
Intelligence officer, is a free-lance writer who 
specializes in aircraft and missiles. 


PHOTOGRAMMETRY 


An Outline of Photogrammetry. Kk. Schwidef- 
sky. Translated by John Fosberry. (Ist Eng- 
lish Ed.) New York, Pitman Publishing Corp., 
1959. 326 pp., illus., diagrs., tables. $13. 

The first German edition of this work appeared 
in 1936 under the title Introduction to Aerial and 
Terrestrial Photogrammeiry, and has appeared in 
subsequent revisions, the last being the fifth edi- 
tion in 1954. Without using comprehensive 
mathematical derivations, the author presents a 
concise treatment of the fundamentals, methods, 
instruments, and results of photogrammetry, 
with the stress being placed on practical applica 
tion. The material includes discussions on the 
elements, the development, and the purpose of 
photogrammetry; aerial photography; plotting 
aerial photographs with simple equipment; recti- 
fication of single photographs; stereophotogram- 
metry; 
metry. Considering its origin, it is natural that 
German instruments and methods are discussed in 
greater detail, although consideration is given to 
important achievements in other countries. 
References to German literature have been re- 
tained to draw the reader's attention to works 
which in many cases are not known in English- 
speaking countries. The additional selection of 
English-language publications is intended as an 
aid to those readers who do not have access to the 
German literature. 


POWER PLANTS 


1958 Aircraft Spark Plug and Ignition Confer- 
ence Report, Toledo, Ohio, October 8-10, 1958. 
Sponsored by Champion Spark Plug Co., Toledo, 
Ohio. 124 pp., illus., charts. 


REFERENCE WORKS 


Translators and Translation: Services and 
Sources. Edited by Frances E. Kaiser. A Proj- 
ect of the Georgia Chapter, Special Libraries 
Association, 1959. 60 pp. 0. 

There are three sections to this directory: (1) 
Directory of Translators lists alphabetically 154 
individuals or firms in the U.S. doing translations. 
Each entry contains the address of the translator, 
languages handled, subject area dealt with, and 
paying rates. (2) Pools of Translations contains a 
listing of 42 Pied sek organizations engaged in 
this type of activity and the size, scope, language, 
and subject areas of their collection of transla- 
tions. (3) Bibliographies of Translations offers a 
worldwide group of 83 organizations and a brief 
annotation of the bibliographies they publish. 
The volume also contains Appendix 1: Other 
Services Offered by Translators, Appendix 2: 
Publishers of Bibliographies, and an Index covering 
languages translated, subjects or types of material 
translated, geographical location of translators 
and translation pools, and geographic origin of 
bibliographies. 


RELIABILITY 
Challenging the Weapons System Complexity 


rrier; 2nd Navy-Industry Conference on 
Aeronautical Material Reliability, Virginia 
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Beach, Va., 
the Bureau of Aeronautics and U.S. Naval Avia- 


November 5-6, 1958. Sponsored by 
tion Safety Center. 209 pp., diagrs., tables. 

The object of this conference was to focus the 
attention of the Navy and the aircraft industry 
on the need for improved coordination between 
the operators and producers of aeronautical ma- 
terial to ensure improved reliability. 

Contents: (1) Genesis of the Problem, L. D. 
Coates. (2) Technical Language Barriers to 
Communication, L. R. Beach (3) The Race 
With Time, R. H. Fagan. (4) Feedback Systems 
Development, W. H. Hilands. (5) Reliability 
(Analysis Programs, D. Flanders. (6) Reliability 
Control Systems, J. D. Coutinho. (7) Develop- 
ment of Compatible Systems, L. P. Jones. (8) 
Contractor Relationships With Vendors, D. Tait. 
9) Single Manager Procurement, R. F. Walker. 

10) The Obstacle Jump, H. Bayer. (11) Mobiliz- 
ing the Attack, R. M. Reynolds. (12) Adden- 
dum. 


ROTATING WING AIRCRAFT 


Proceedings of the Fifteenth Annual National 
Forum, Washington, May 7-9, 1959; Sponsored 
by the American Helicopter Society, Inc. New 
York, AHS, 1959. 112 pp., illus., diagrs. $7.50. 

Contents: Operations: Commercial Opera- 
tions in Alaska, L. Luckett. The Role of 
Armed Helicopters in Military Operations, J. D. 
Vanderpool and J. F. Aschoff. A Method for 
Improving the Performance and Safety of Air- 
craft Powered by Turboshaft Engine, I. B. Osof- 
sky. Operational Experiences With the Kolibrie 
Ramjet Helicopter, J. M. Drees. Maintenance 
and Design: Statistical Aspects of the Rotor Fa- 
tigue Problem, G. F. Goetsch. General Electric 
T58 in Service Operation, C. Westcott, Jr. 
Operational Analysis of Maintenance Costs, J. A. 
Moro. Safe Mechanisms for Helicopters, R. 
Hafner. Potential Service and Maintenance 
Improvements with Hydraulics, W. Patterson 
and W. L. Flinn. Design and Development: 
Some Operational and Economic Aspects of the 
Fairey Rotodyne, G. Hislop. Analysis of Heli- 
copter Stability ‘Augmentation Obtainable with 
the Oehmichen Pitch-Flap Coupling Concept, G. 
Bruning. Means for Achieving Desirable Han- 
dling in a Small Helicopter, K. 
Amer TOL: The Application of Modern Gas 
Turbines to VTOL Aircraft, W. Bloomfield. 
Some Notes on the Design of Prop-Rotors for 
Convertiplanes, C. R. Haig, Jr Development 
of the Quad Control System for VTOL Aircraft, 
D. H. Kaplan. 


Helicopters and Autogyros of the World. Paul 
Lambermont and Anthony Pirie. New York, 
Philosophical Library, Inc., 1959. 254 pp., illus. 
$10. 

This volume provides a comprehensive catalog 
of the world’s helicopters and autogyros, past and 
present. The products of each of 22 nations are 
dealt with, each country being given a separate 
section, each manufacturer a different subsection, 
and each machine a detailed entry. In all, some 
170 manufacturers and over 452 machines, some 
still on the drawing board, are included; the 
technical details of the machines are given in 
tabular form. Illustrated with 64 pages of photo- 
graphs and drawings, the book contains a histori- 
cal survey of the development of these aircraft, a 
complete list of recognized records and record 
holders, and official definitions of the various 
types of helicopter and autogyro. 


SPACE TRAVEL 


Space Weapons; A Handbook of Military 
Astronautics. Edited by the Editors of Air 
Force Magazine, John F. Loosbrock, Chief Editor. 
New York, Frederick A. Praeger, 1958. 245 pp., 
illus., diagrs. $5.00. 

In addition to a series of articles by military 
men, scientists, and administrators who hold key 
assignments in the U.S. space weapons field, 
this volume contains a military astronautics 
glossary and a bibliography of books on missiles, 
rockets, satellites, astronautics, spaceflight, and 
closely related fields. 

Contents: Introduction: Meeting the Challenge. 
By the End of the Century, J. H. Doolittle. 
Space Control and National Security, T. D. 
White. The Space Frontier, by the Editors of 
Air Force Magazine. Springboard into Space. 
Ballistic Missiles and the SAC Mission, T. S. 
Power. Space Weapons Today and Tomorrow, 
R. E. Horner. Man in Space, W. Leavitt. Out 
of This World, H. Strughold. Spacecraft and 
Spaceflight, K. Ehricke. Choosing Our Space 
Goals, S. Ramo. Blueprint for Tomorrow's 
Spacecrews, W. Leavitt. Primer for Space 
Technology, President's Science Advisory Com- 


mittee. A Military Astronautics Glossary. A 
Space Bibliography. Index. 
STRUCTURES 


Advanced Structural Analysis. Sidney F. 
Borg and Joseph J. Gennaro. Princeton, N.J., D. 
Van Nostrand Co., Inc., 1959. 368 pp., diagrs., 
tables. $7.50. 

Designed for graduate students and practicing 
engineers, the book presents a complete and com- 
prehensive analysis of structural theory and its 
applications. The material presented includes 
discussions on the basic classical concepts, as well 
as the most recent methods—such as principles of 


slab and shell analysis, temperature analysis, 
torsion, numerical methods, and the use of elec- 
tronic computers to solve structural problems. 
The authors are both with the Civil Engineering 
Department, Stevens Institute of Technology. 


UPPER ATMOSPHERE 


The Upper Atmosphere. H.S. W. Massey and 
R. L. F. Boyd. New York, hilosophical Li- 
brary, 1959. 333 pp., illus., diagrs., tables. 


This book, which is intended for students, for 
scientists in other fields who require a reliable out- 
line of the subject, and for those technically in- 
terested in space travel, presents an account of 
the phenomena of the upper atmosphere studied 
during the International Geophysical Year. 
Current knowledge of the subject is outlined, and 
the techniques used in investigation are described 
in detail. These include the use of sound and 
radio waves, spectroscopic devices, searchlights, 
balloons, rockets, and artificial satellites. Meth- 
ods of finding the positions and speeds of rockets 
and satellites, and of interpreting their coded 
signals, are also explained. Detailed attention is 
given to radio fade out, radio absorption, night 
airglow, auroras, meteors, cosmic rays, and cur- 
rents responsible for magnetic variations. The 
effects produced in the atmosphere by the sun, 
which include the ionized regions important for 
long-distance radio transmissions, are described in 
relation to solar phenomena. 

Dr. Massey is Quain Professor of Physics and 
Dr. Boyd is Lecturer in Physics, University Col- 
lege, London. 


WEIGHT & BALANCE 


Aircraft Weight & Balance Control. Henri G. 
D’Estout. 3rd Ed. Los Angeles, Aero Publish 
ers, Inc., 1959. 128 pp., illus., diagrs., tables. 


A revised and enlarged edition that covers 
general principles of aircraft weight and balance 
control, basic measurements and computations, 
weight shifting and alterations, and weighing and 
loading procedures for all types of aircraft, in- 
cluding light airplanes, transports, jets, and heli- 
copters. It also contains an appendix illustrating 
the derivation of M.A.C. and determination of 
minimum fuel loads, as well as answers to the 
numerous problems dispersed throughout the 
book. 

The author is a maintenance specialist with 33 
years of aircraft experience. 


+ + 
Washington Section News 
(Continued from page 26) 


ment, as well as materials, have been 
tested under radiation and changes have 
been made to parts that failed. The 
success of these changes has given promise 
that solutions are feasible for many of the 
problems in this area. Problems of 
handling the reactor have been investi- 
gated in flight operations with the Aircraft 
Shield Test Reactor in the conventionally 
powered NB-36H nuclear test airplane. 

p A meeting was held at the University of 
Maryland on March 24 to hear George P. 
Sutton deliver the Minta Martin Lecture. 
Mr. Sutton is the Jerome Hunsaker Pro- 
fessor of Aeronautical Engineering at 
M.I1.T., and has been Manager of the 
Advance Design Sub-Division of Rocket- 
dyne. He was recently appointed Chief 
Scientist of the Advanced Research Proj- 
ects Agency. 

Distinguished guests at the dinner pre- 
ceding the meeting included Roy Johnson, 
Director of ARPA; Dr. Elkins, President 
of the University of Maryland; Dr. Hugh 

Dryden, Assistant Deputy of NASA; 
Dr. Abe Silverstein, Director of Space 
Flight Development for NASA, who was 
also Honorary Chairman of the meeting; 
Prof. Max Munk, Head of the Aeronauti- 
cal Engineering Department at Catholic 
University; Dr. G. Boehler, Faculty Ad- 
viser to the IAS Student Section at the 
University of Maryland: and S. Paul 
Johnston, Director of the IAS. Profes- 
sor Sherwood of the University of Mary- 
land organized the very successful meeting. 


HAROLD ANDREW 


s, Secretary 


; 


ENGINEERS ¢ SCIENTISTS 


PERSONNEL OPPORTUNITIES 


General Electric’s Heavy Military Electronics Dept. 
AWARDED CONTRACT FOR 


Systems Integration, Engineering, and Management of... 


AIR WEAPONS CONTROL SYSTEM 212L 


A_universal electronic control system to meet the vast problem of Air Defense 


outside of the Continental United States 


Systems-oriented engineers and scientists will appreciate the broadband technical challenge of the 


Air Weapons Control System 212L. There are important openings for men who are experienced in: 


Weapons Systems Anacysis * MATHEMATICAL ANALYSIS OF ENGINEERING PROBLEMS * COMPUTER 


ProGRAMMING Mititary ComMMUNICATION SysTEMS Rapar Systems * WEAPONS CONTROL 


Systems Evectronic Circuitry * INpustriaAL & Miitary PsycHo.ocy. 


@ Working in close cooperation with 
the USAF, it is Heavy Military’s re- 
sponsibility to integrate all subsys- 
tems—data acquisition, communica- 
tions, data processing and display — 
plus various defensive weapons into 
a well coordinated and efficient oper- 
ating system. 

VERSATILE AIR CONTROL 
APPLICATIONS The revolution- 
ary 212L can be used to defend a 
single airfield, or, by linking control 
sites together, it could be used in a 
limited action to provide air control 
for an area the size of Alaska. Simi- 
larly, by linking the capabilities of 
countries together, a system could be 
provided for the air control of an en- 


tire continent. Designed for both 
fixed and mobile applications, the 
212L will be used primarily outside 
the U. S. since the SAGE system is 
used for the defense of this country. 


HMED IS ALSO DESIGNING 
THE “HEART” OF THE SYSTEM 


In addition to its prime mission of 
providing systems management, 
HMED will design, develop and pro- 
duce the data processing and dis- 
play subsystem which is the “heart” 
of the 212L. Capable of rapidly and 
automatically detecting and tracking 
air targets, the subsystem operates 
without human assistance, except un- 


der unusual circumstances. 


OTHER FAR-RANGING 
PROGRAMS AT 
HEAVY MILITARY 


At the present time additional 
far-ranging programs are being 
pursued in diverse and impor- 
tant areas at HMED: 


e Fixed & Mobile Radar 

¢ Shipborne Radar 

¢ Underwater Detection Systems 
Missile Guidance 

¢ Data Handling Systems 

¢ Communications 


Individuals with experience in systems analysis or specific equipment 


design in the areas listed above are invited to forward their resume 


in complete confidence to Mr. George Callender, Div. 2-MG 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL ELECTRIC 


Court STREET 


Syracuse, N. Y. 
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PERSONNEL OPPORTUNITIES 


THE MOST 
IMPORTANT NEWS 
FOR MECHANICAL 


TODAY: 


It’s not just the high number of new 
jobs open at FPD—but the diversity 
of the opportunities within one or- 
ganization that’s important to your 
future. 


You’ll find assignments here in Re- 
search, Development, Final Design, 
Production and Test of almost any 
type of advanced flight propulsion 
system. 


The project range is as broad as the 
industry, as the list at the right 
demonstrates. > 


Equally important to you is the 
strong sense of obligation we feel at 
FPD to give each engineer who joins 
us the maximum opportunity to de- 
velop himself professionally. One of 
the ways we apply this philosophy is 
to match—and re-match assign- 
ments with a man’s abilities and in- 
terests, as his career progresses. 


Most current positions require back- 
ground in turbomachinery D&D; 
some do not. 


(There are also opportunities at 
Managerial and Specialist levels for 
Aerodynamicists, EEs, ChEs, Metal- 
lurgists, Physicists and Mathema- 
ticians.) 

For more information about Flight Propul- 
sion Division—and the professional and liv- 
ing advantages of the new Cincinnati, with 
its fine, uncrowded schools, some 30 active 
engineering societies, famous symphony 
orchestra...write for illustrated bro- 
chures £50 and $51. For immediate place- 
ment consideration enclose your resume. 


Aero Space Engineering 


FLIGHT PROPULSION DIVISION 


* (44 to be filled each month for7 months) 


A Partial List of 
DIVISION-WIDE PROJECTS AT FPD 


...CJ 805 aft fan engine to power Con- 
vair 600 — Commercial Engine Dept. 


...J79, famous powerplant of many appli- 
cations, including F-104A — Production 
Engine Dept. 


...J93 development engine with Mach 3 
capability, will power B-70 & F-108 — 
Jet Engine Dept. 


...A well-advanced VTOL project for verti- 
cal and horizontal flight of a fixed wing 
aircraft...exotic propulsion systems using 
plasma and ion power sources —Flight 
Propulsion Laboratory Dept. 


ALSO: High Mach, high energy powerplant 
in early development...a turboshaft proj- 
ect...and other classified programs of un- 
usual interest, with both commercial aid 
military applications. 


immediate Openings in these Areas 


Basic Powerplant Design—Turbomachinery 
aero e nozzle design e reliability ¢ perform- 
ance & cycle analysis e installations/appli- 
cations * component design. 


Accessory & Control! Systems — Electrical 
component design « mechanical component 
design e servomechanisms e reliability. 


Test, Evaluation & Manufacturing—Test fa- 
cilities engineering e aerodynamic instru- 
mentation e manufacturing engineering « 
controls test equipment design. 


July 1959 


Address Dr. Mark Peters, Bldg. 100, Dept. 2-MG 
FLIGHT PROPULSION DIVISION 


GENERAL @@ ELECTRIC 


Cincinnati 15, Ohio 


ENGINEERS 
& SCIENTISTS 


Research Opportunities 


Aeronutronic Systems, 
Inc., a dynamic new 
name in science and re- 
search, has immediate 
need for qualified people 
to staff senior positions 
at its new Research 
Center in Newport 
Beach, Southern Cali- 
fornia. 


The Space Technology 
Division of this rapidly 
expanding Ford Motor 
Company _ subsidiary 
has career openings in 
the following fields of 
interest: 


VEHICLE TECHNOLOGY 
Aerodynamic design 
and testing 
Rocket engine 
development 
Rocket nozzle and re- 
entry materials 
High temperature 
chemical kinetics 
Combustion and 
detonation theory 
Combustion 
thermodynamics 
High temperature 
structural plastics 
& ceramics 
Advanced structures 
Rocket vehicle systems 


MISSILE DEFENSE 

Supersonic 
aerodynamics 

Aerothermodynamics 

High temperature heat 
transfer 

Space physics 

Re-entry programs 


ASTRO SCIENCES 


Space electronics 

Guidance & control 

Communications 

Instrumentation 

Experimental physics 

Plasma and magneto- 
hydrodynamics 
studies 


Visit Aeronutronic’s ex- 
hibit booth 3822-24 at 
the WESCON show. 


Qualified applicants are invited to 
send resumes and inquiries to 
Mr. R. W. Speich, Aeronutronic 
Systems, Inc. 


AERONUTRONIC 


a subsidiary of 
FORD MOTOR COMPANY 
Bldg. 13, Box 451 
Newport Beach, Calif. ORiole 3-2520 
Newport Beach e Santa Ana 


Maywood, California 
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Personnel 


This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Aerodynamicists—The Army Ballistic Missile 
Agency, Huntsville, Ala., has immediate openings 
for qualified aerody namicists, grades 
($4,980-$5,880 per annum) through GS-13 
(39,890-$11,090 per annum). Specific assign- 
ment is in the aerodynamic design section, aero- 
dynamics analysis branch, which has responsi- 
bility for the analytical aerodynamic design of 
all missile projects handled by this Agency. The 
openings are in a small group of engineers, in a 
gradually expanding organization, with assign- 
ments of nonroutine nature. Opportunities for 
advancement given. Required qualifications are 
background appropriate to grade in applied aero- 
dynamic theory of subsonic through hypersonic 


flows, and an inclination to analytical work. 
Location in a growing town of 60,000 inhabitants 
in north Alabama, close to the great lakes of the 
Tennessee River. Interested persons should file 
an application for Federal Employment, Standard 
Form 57, with the Civilian Personnel Office 
ABMA, Redstone Arsenal, Hunstville, Ala. 

Aeronautical Engineer—vTo teach lecture and 
laboratory courses in aircraft design. Up-to-date 
knowledge of the field required. Working and 
living conditions excellent; salary and opportu- 
nity very attractive. Write to Dean of Engineer- 
ing, California State Polytechnic College, San 
Luis Obispo, Calif. 

Physicist—To perform interplanetary travel 
studies covering optimization of trajectories, 
guidance schemes, and control methods. Also 


to establish lunar trajectories including lunar 
circumnav igation and landing procedures. Grade 
GS-12/14, salary range: $8,810 pa to $11,595 pa. 


B.S. degree and 3 or more years’ experience : 


Applications may be submitted on Standard 
Form 57, Application for Federal Employment, to 
the Director, Civilian Personnel Office, ABMA, 
Redstone Arsenal, Ala., Attn: Paul C. Perry. 
Applications may be obtained from any first- or 
second-class Post Office or from any Civil Service 
Regional Office. 


Nonchemical Propulsion Engineers—Experi- 
enced personnel with advanced degrees, for the 
following areas: Magnetogasdynamics, electro- 


magnetic accelerators, electrostatic acceleration, 


plasma generation, plasma heat transfer and flow, 
ultra high vacuum, surface ionization, high- 
temperature thermodynamics, high-temperature 
nozzles. Write fully in confidence to Dr. Mark 
Peters, Bldg. 100, Dept. 2-MFA, Flight Propul- 
sion Division, General Electric Co., Cincinnati, 
15, Ohio. 

Assistant Professor— To teach theory of struc- 
tures, elasticity, dynamics. Master’s degree 
preferred. Department of Mechanical Engineer- 
ing, Oregon State College, Corvallis, Ore. 


Electronic Engineers and Physicists—for Staff, 
design, and development engineering in connec- 
tion with research, design, and development in the 
fields of data handling, servodevices, instrumen- 
tation, optics, measurement, plotting, feedback 
control, computing, and infrared. Servo Corp. of 
America, New Hyde Park, Long Island, N.Y., 
concerned with the research, engineering, and 
production of electronic systems and devices for 
both military and commercial users. Send de- 
tailed résumé to Felix Gardner. 


ASW Research 


Experienced physicists—theoretical and experimental—and mathe- 
maticians with a desire to work on basic research with an expanding 
group of creative scientists — are invited to investigate Grumman 
Research. Long range programs which may contribute to better 
understanding—or may lead to successful developments—are being 
directed toward the following critical areas. 


SUBMARINE DETECTION: 


basic studies of submarine phenomena and their interactions 
with all possible search techniques (radar, IR, etc.); theoretical 
laboratory and field explorations of new, more general detection 


systems. 


TARGET RECOGNITION: 


basic studies of acoustics in nature; underwater acoustics; sub- 
marine noise; echoes and signal correlation employing informa- 


tion and communication theory. 


UNDERWATER ACOUSTIC ENERGY SOURCES: 
basic studies with the ultimate aim of increasing the range of 
underwater acoustic detection systems. 


HYDRODYNAMICS: 


basic studies of underwater flight, hydrofoil fluid dynamics, the 
physics of cavitation and new techniques of underwater propul- 


sion. 


OPERATIONS RESEARCH: 


basic mathematical studies applicable to evaluation, optimiza- 
tion and tactical employment of weapons systems including de- 
cision theory, mathematical models and Monte Carlo simulation. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION Bethpage 


Long Island = 


Engineers or Scientists who would like to 
contribute to any of the above essential 
areas, are urged to send a complete resume 
to Mr. A. Wilder, Engineering Personnel 
Director, Dept. GR-23, who will arrange a 
personal interview at your convenience. 
(U.S. Citizenship required) 


New York 
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A\ with the 


automated voice 
of commanad.... 


ANOTHER OF THE MANY ADVANCED PROJECTS 
ATTRACTING ENGINEERS TO GENERAL ELECTRIC'S 
LIGHT MILITARY ELECTRONICS DEPARTMENT 
Light Military is developing a new concept in Airborne Early 
Warning and Control which will provide protection for a mobile 
unit by detecting enemy aircraft at unprecedented ranges, track- 
ing, adapting itself to changing combat situations, and trans- 
mitting tactical data automatically to combat information centers. 
The system will match a 3-Dimensional radar with novel corre- 
lation techniques and an automated data handling system which 
— for the first time —will practically eliminate Man from the 

control loop. 


AT LIGHT MILITARY CAREER OPPORTUNITY SPANS 
THE EM SPECTRUM=FROM AUDIO TO INFRARED 


Automated AEW is but one of the many advanced programs 
; you will find at Light Military. Projects such as Polaris Fire 
Control and Guidance Computers, ICBM Atlas Guidance, Air- 
borne ECM, and Airborne Navigation Systems offer creative 
engineers and scientists unmatched opportunities to apply imag- 
inative and novel approaches toward resolving formidable engi- 
neering problems, There are immediate openings in these areas: 


CIRCUIT DESIGN DISPLAY DEVICES & AERODYNAMICS 
microwave pevices INDICATORS DATA PROCESSING & 


IF AMPLIFIERS SERVOMECHANISMS DIGITAL TECHNIQUES 
i RADAR RECEIVERS ¢ TRANSISTOR CIRCUITRY INFRARED 
‘ TRANSMITTERS TRAVELLING WAVE TUBES VIBRATION & SHOCK 


Forward an outline of your experience or 
your resume in strict confidence to: Mr. W. Gilmore, Dept. 2-MG 


LIGHT MILITARY ELECTRONICS DEPARTMENT 


GENERAL €@ ELECTRIC 


FRENCH ROAD, UTICA, NEW YORK 


ELECTRONIC ENGINEERS 


Personnel Opportunities (Cont.) 


Marketing Manager—Aircraft Instruments: 
Progressive aircraft electronic equipment manu- 
facturer has an immediate opening for top-notch 
executive sales manager to assume full responsi- 
bility for its marketing operations in New York 
City. Must be dynamic salesman and adminis- 
trator who, given full support of the organization, 
can build on his company’s established position, 
open new markets, develop new products, have 
intimate knowledge of the overall military field 
with established buying contacts in it, operate as a 
member of top management staff. Please forward 
work history, education, earnings, etc., to Man- 
ager, Industrial Relations, Avien, Inc., 58-15 
Northern Blvd., Woodside 77, N.Y. 

Assistant Professor—Faculty position avail- 
able for September, 1959. Ph.D. degree required. 
Work is of both advanced undergraduate and 
graduate level in aerodynamics. Opportunity for 
research. Salary dependent upon training and 
experience. Apply to Head, Department of 
Aeronautical Engineering University of Cincin- 
nati, Cincinnatj 21, Ohio. 


Available 


914. Engineering Executive— Chief Engineer, 
Manager of Engineering. Graduate electronic 
engineer, advanced studies in electronics and 
management. Current position, manager of en- 
gineering, manager of research and advanced de- 
velopments with medium-sized firm making air- 
craft and missile instruments. Many years’ ex- 
perience and proved record of accomplishment in 
engineering, research, management, and adminis- 
tration in the fields of military and missile elec- 
tronics, atomic energy applications and weapon 
systems, servomechanisms, instrumentation and 
controls. Seeking active, expanding situation 
where my background and capabilities can be most 
effectively translated into profit and growth. 


913. Engineer—B.S.M.E., University of Mich- 
igan. Graduate work in nuclear engineering and 
business administration. Ten years’ experience 
primarily in gas turbines and nuclear propulsion 
systems. Prefer California. Résumé upon re- 
quest. 

912. Project Engineer—B.S.Ae.E., 1948. Age 
34. Project engineer, advanced weapons sys- 
tems. Extensive background and _ familiarity 
with many existing advanced weapons. Familiar 
and well experienced in management and direc- 
tion of all phases of proposal designs and R&D 
designs, to production, on advanced guidance 
systems, electronic packaging and complete 
weapons systems. Available soon for a manage- 
ment position of increased challenge and equal 
opportunity. Preferred locations are Southern 
California, San Fernando Valley (California), or 
Florida. Please note position description in your 
reply. 

911. Project Engineer—B.Sc. Aero., MIAS, 
A.F.R.Ae.S., with extensive experience in the}de- 
velopmental and production stages of airborne 
devices, fixed and rotating wing, and missile weap- 
ons systems; requires relocation. Past 22 years 
of experience in all branches of aeronautical de- 
velopment, both in Europe and the U.S., has re- 
sulted in a professional reputation associated with 
top-caliber personnel only. Conversant with 
latest waterborne devices and author of papers on 
hydroskis, in addition to being the inventor of a 
number of mechanical devices and associated sys- 
tems in the boundary-layer control field. Past as- 
sociation with some of the top names in the 
European aircraft industry assures satisfactory re- 
lationships with company diversifications and 
marketing of products in Europe. Desires posi- 
tion as Assistant General Manager, Chief Engineer, 
Chief Project Engineer or equivalent, with com- 
pany that can fully utilize the latent talents and 
responsibilities available from an engineer 39 
years old who has devoted the last 22 years to tech- 
nical advancement and training, warranting an in- 
come of not less than $20,000 per annum. Com- 
plete résumé will be furnished on request. All in- 
quiries will be answered and treated in strictest 
confidence. 

910. Research Engineer—Ph.D., M.E., age 
30. Interested in experimental and theoretical 
research in heat transfer. Background in heat 
transfer, aerodynamics, and thermodynamics; 
4 years’ diverse experience. Presently assistant 
professor giving graduate courses in heat transfer 
and thermodynamics. 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 
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Flight Control 
Aerodynamicists 


Flight Control Systems 
Engineers are needed 
immediately to develop 
control systems for ad- 
vanced aircraft and mis- 
sile projects. Openings 
exist in both our Aero- 
dynamics and Electro- 
Mechanical Sections. 


These engineers will in- 
tegrate flight control and 
stability augment sys- 
tems with aerodynamic 
configuration develop- 
ment to obtain desired 
dynamic flying qualities. 
Experience in solving 
problems with five and 
six degrees of freedom, 
dynamic stability analy- 
sis, servo-analysis, feed- 
back systems, prediction 
of aerodynamic stability 
derivatives or related 
areas desired. 

No need to commute. 
Live near your job in 
suburban Columbus —a 
good place to raise your 
family and pursue your 
technical career. 


Send your resume to: 


H. Keever 

Engineering Personnel 
Manager, Box AS-338 

North American Aviation, Inc. 
Columbus, Ohio 


THE 
COLUMBUS 
DIVISION OF 


NORTH AMERICAN AVIATION, INC. 


Home of the 
N 
T2J Jet Trainer and A 


the A3J Vigilante 


AYA 


CHIEF 
PRODUCT 
ENGINEER 


This top position will be 
available in the very near 
future for an experienced ad- 
ministrator, qualified by pro- 
fessional education and ex- 
perience to assume responsi- 
bility for an entire engineer- 
ing program. Products are 
in the field of A/C sub-con- 
tracting; entrance salary and 
benefits commensurate with 


responsibilities of position. 


Box No. 915, 


AERO/SPACE ENGINEERING 
2 East 64th St., New York, N. Y. 


Now Available—Eleventh Edition 


The 1957 Edition of the 
AERONAUTICAL 
ENGINEERING INDEX 


* 8,600 entries for reports, periodi- 
cal articles, meeting papers, 
books, and technical publica- 
tions. 


* Includes full text of abstracts 
published in International Aero- 
nautical Abstracts 


* Convenient Subject and Author 
Indexes 


* Worldwide Coverage 


AN INDISPENSABLE REFERENCE 
TOOL for the aero/space scientist and 
engineer in speedily locating literature 
on specific subjects relating to the 
design, development, and operation of 
aircraft, missiles, rockets, satellites, 
and spacecraft. 


Member Price: $10. 
Nonmember Price: $15.* 


(*Add $1.00 for orders outside the 
U.S.A.) 


Copies may be obtained by writing to: 


Special Publications Dept. 
IAS, 2 E. 64th St., N.Y. 21, N.Y. 


PERSONNEL OPPORTUNITIES 


Expanding the Frontiers 
of Space Technology in 


AERO— 
DYNAMICS 


@ Pioneering work at Lock-, 
heed is being conducted in free 
molecular flow in orbital flight; 
high altitude atmospheric 
properties; trajectory studies 
and missile flight dynamics; 
celestial mechanics with em- 
phasis on orbital tracking pre- 
dictions and de-orbiting. 

An important aspect of 
Lockheed’s basic research and 
development is the systems 
approach to optimum flight 
performance by means of 
computer simulation of missile 
airframe, autopilot and guid- 
ance characteristics. Other 
studies are being made in the 
problems of lunar and plane- 
tary probes and man-in-space. 

ENGINEERS AND 
SCIENTISTS | 
Lockheed Missiles and Space 
Division programs reach far 
into the future and deal with 
unknown environments. Excit- 
ing opportunities exist for en- 
gineers and scientists to con- 
tribute to the solution of new 
problems in these fields. If you 
are experienced in one or more 
of the above areas or have 
background in related work 
in aerodynamics or celestial 
mechanics, we invite your 
inquiry. Write: Research and 
Development Staff, Dept. G- 
11, 962 W. El Camino Real, 
Sunnyvale, California. U.S. 
citizenship required. 


Lockheed 


MISSILES AND SPACE 
DIVISION 


Weapons Systems Manager for. the 
Navy POLARIS FBM; 
DISCOVERER SATELLITE; 
Army KINGFISHER; 
Air Force Q-5 and X-7 


SUNNYVALE, PALO ALTO, VAN NUYS, 
SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA 
ALAMOGORDO, NEW MEXICO ® HAWAII 


July 1959 © Aero/Space Engineering 119 


| 
— 
— 
5 a ty 
il- | 
nd 
or 
nd | q 
of a 
in- | 
| 
er, | 
nic 
nd | 
if 
de- 
| | 
ex- 
| 
1is- | i 
ec- 
on | | 
ind | 
ion | | 
Ost | 
and 
nce | | 
ion | | 
Age | 
sys- } 
rity | 
liar | 
rec- 
&D 
ince i 
lete i 
| 
age- 
jual i 
1ern 
your 
orne 
eap- 
ears | 
de- | 
re- 
with 
with | 
‘son | 
of a | 
sys- 
t as- 
the | 
y re- | 
and | 
posi- | 
com- 
and 
r 39 
tech- 
n in- | 
| 
in- 
| 
| 
= —— | 
| 
— 


A word 
about 

our 
Advertisers 


The many companies whose 
advertising appears in this issue 
are interested in you and your 
work. They are anxious to let 
you know what they are doing 
to help you solve research and 
design problems in _ missile, 
rocket, air, and _ spacecraft 


projects. 


ArERO/SpACE ENGINEERING’S 
advertising pages keep you 
posted on new and improved 
materials, components, services, 
and supplies useful to your 


professional work. 


To request more information 
on any product or service ad- 
vertised, may we suggest you 
write to the advertiser directly, 
at no obligation to you. It 
would be greatly appreciated if 
you would mention that you 
saw the ad in AgERo/SpPACE 


ENGINEERING. 


ENGINEERING 


2 E. 64th St., New York 21, N.Y. 
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